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LoopoUlinn. licit XXI, 1885. I 1 '. 

- Faturforsehendi (A s< Ihchaft. 

Abhaudlungon. I>d. XVI, 3, INST*. I*. 

Borieht. 1SSI. 1 '. 

- Mi fur w I s.v it sehafttieh er l’< r< in fur Naehs* n und Thurinyen. 

Zcithclirifl lur die geRmmuleii Natunvissciisehafton. Bd. LVIII. 2-0, 
LI X. 1,2, 1SK5-S<i. So. 

Hamburg .—Detdsehe AW rntrtr. 

Archiv. Jalirg. VI, VIT, 1883-84. 40 . 

Mouatliehc Uebersioht dor Witterung. 1884 Nov., T)cz.; 1885. 8°. 

-ir/.w nschajllicht Austatteu. 

Juhrbuch, Jalirg. II, III, 1885-86. 8<>. 

Hannover. —Naturhktorisehe (h ,v Jlschaft. 

JaluosbcrieUl. XXXIII, 1880-84. H' 1 . 

Harlem, — Must'e T< yler. 

Archives. Boric II. Vol. II. 2-4, 1885-8(5. 8°. 

Catalogue do la bibUotlieque. Livr. 1-4,1885-8(5. 8°. 

- Nocute Ifollandaise dm AWVwms. 

Archives nccrlandnisos dcs sciences cxactcs ct naturelleb. Tome XX, 
XXI. 1,18H5-H(S. 8°. ' 

11 BLHINOKORS.— SocUld* tictw tilt MW Fen 91 i t'tt. 

Acta. Tom. XIV, 1885., 40 . 

Olversigl af forliniitUiugar. XXVI, 1883-84. 8°, 

Bidrag till kannedom af Finlands natur och folk. Hull. XXIXX-XL1I, 
1884-85. 8°. 

- Docietas pro Fauna et Flora Foot hut. 

Acta. Vol. U, 1881-85. 8°. 

Moddelandon. Haft. XII, XIII, 1885-80. 8°. 

Boobachtungon liber die periodisehen Rrseheimingon des Pflanaenlebenfi 
in Finland. 1885. 4®. 

TTobaut.— Jtoyal tfoch iy of Taman hi. 

Catalogue of the library. 1885. 8°, 

Hong kong.— Observatory. 

Observations and researches. 1885. f°. 

J kna. — MedietnMbnafnneMnsehajVlche CescUsetu\ft 

Je.naische ZoltHChrifl fur NnturwIssenHClmft. Btl. XVUL 4, XIX, 1-4, 
Supplement 1, % 1885-8(5 K<\ 

K 1 Kb.— xVaturwlssenwhaft? letter I Wv in far tkhft smy- Uolstt in. 

Behriflcn. Bd. VI. 2, 1880, 8®. 

- Christian . I tbreehfc On iversitat. 

Dlssertationen, ele., 1881-85, (58); 1885-80, (80). 

KrioMflNHAVN.— Ron. Danube Vhit uskaber ties fitlskab. 

Oversigt over forhandiiuger. 1884 iii, 1885, 1880 I. 8«. 

Kon raHBMUG.— Ron tf/1. physikidheh-okonam Mir Cmetlsehajl. 

Sebriften. Jahrg. XXV, XXVI, 1884-85, 4°. 

Krakow.—A’, /<*. tttmmarte. 

Materyaly do klimatografii Galicyi. Rok 3884-85. 8°. 

Lausanne.— SoeA<tt Vaudoise cies Mewiees A "atunites. 

Bulletin. 2“ ser. No. 92, 93,1885-80. 8®. 

Leeds.— Yorkshire flcoloyical and Polytechnic Society. 

Proceedings. Now series. Vol. IX, 1, 1885, 8°. 
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Leiden. —Mderlandsche Dierkundige Vercenlying 

Tijdschrifl. Scr. II. Doel !. 1, 2, 1885. v*. 

Leipzig. —A stro?imuhehe Gesclhehaft. 

Vierteljalirsschrift. Jahrg. XX, XXI. 1,3, 1, IN* SO. S . 

Publication. XVIJT,1880. F». 

- Km . mchshche Qesdhchaft dev IVm atschajhu. 

Bericlite. Math.-physisehc Clame. lid. XXX\ I, XXX\ II, 1SS( Sft. 8 . 

- Naturforschende Gr,vIhehaft . 

Sitzungsberichte. Jnhrg. XI, XII, 18M-S5. 8°. 

-ZoologibCher Anzeiger. No. 108-310, 1S85-S0. s ,J 

Liege.— Socutt' Gcologique de Rdyique. 

Annales. Tome X, XXI, 1883-811,1881-85. s<\ 

Catalogue des ouvragcs do geologic, do mineralogie ct de pnleontologie 
ainsi quo des cartes gdologiques <|»i kc Irouveni dans les prlncipales 
bibliotlioques de Belgique. Par CL Pew.ibpie. lssi. v». 

- Soctfti JRoyale des Sciences. 

Memoires, 2‘'ser. Tome XI, XII, 1885. 8". 

Lisboa .— Sociedade de Oeogmph ia. 

Boletin. Serie IV. 13, V. 1, 3, 4-13, VI. 1-0, 1881-80. V\ 
Subsidiosparaaliistoria do jornalismo nas provinoiawultramarinas Portu 
guezas. For Brito Aranha. 1885. 8°. 

Livebpool.— Literary and Philosophical Society. 

Proceedings. No. XXXVH1, 1888-84. S«. 

London.— Geological Society. 

Quarterly journal. Vol. XLL 3, 4, XLII, 1885-80, 8 f >. 

LiBt. 1880. 8o. 

- Linnean Society. 

Journal. Zoology, no. 303-113; Botany, no. 134-114, 150. l.sKi SO. S'\ 
List. 1884-85,1885-80. 8°. 

Index pcrfcctus ad Carol! Unnad species plantanum nenipe cumin 
primam editioncm, collntorc F. de Mueller. Melbourne, 1880. W\ 

- Mathematical Society . 

Proceedings. No. 340-278, 1884-8(5. 8°. 

—*—Royal Meteorological Society. 

Quarterly journal. New series. No. 55 -00,1885 SO. 8‘*. 

List of follows. 1885. 8°. 

- Royal Historical Society . 

Transactions. New series. Vol, 1JL 3, 3, 1885 Kit. 8‘>, 

- —Royal Microscopical Sacitty* 

Journal. Ser. T1. Vol. V. 3-0, VI, lS8f> 80, 8" 

- Royal Society. 

Philosophical transactions. Vol. CLXXV, (MAX VI, 1881 85. 4*'. 
Proceedings. No. 233-247,1885-80. 8°. 

List of council and members. 1884, 1885, 1°. 

Lund,— UniversHet. 

Aeta. Tom. XTX, XXI, 1883-811. 4® 

UnIvorsitet/S-bibliotcks uecisaions-kntalog. 1883, 1885. 8°. 

Lton .—Academic dm Sciences, Relies* litres et A rts. 

Mdmolree. Classe des sciences, Tome XXVIII, 1885, 8°, 

Recherches historlques sur les mots plantes males et plumes femolles. 
Par le Dr, Saint-Lager. Paris, 18S4. 8®. 

— - Musfe Gkiimet. 

Annales, Tome VIII, IX, 1885-80. 4°. 

Revue de l’histoire des religions. Tome XL 2, 3, XXL XI1L XIV, 1, 
1885-86. 8®. 
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Madras.— Oovtramat 01m nuttory. 

Magnetical obscrvntLons, 1S51 -55. Madras, 1884. 1°. 

Telegraphic determination of dli!tm*nce of longitude. 1881. 1° 
Administrative report of the meteorological reporter for 1881-85. 8°. 
Mt4eorologicad observations at Smgapore, 1811-15, Madras, 1851. I 1 '. 

Madrid .—Ooatishadef Ala pa (hoiogieo di Mspaaa 

lioletin. Tomo XII. 1, XIII 1,1885-80. 8». 

Mcmorian. De.scripcion lisica y goologlea dr la provineia do Ouipnzcoa. 
Pori). Ramon Adan de ITnrzii. 1881 . b°. 

- fiodedad JSspanola de JUstoria Natural. 

Annies. Tomo XIV.3, XV. 1, a, 1685-80. 8°. 

Artropodos delviajeal Padlico vcrilicudo de 1802 a 1.805 por nnaeomision 
dc naturalistas enviada por el goblerno Ehpauoi. Inscotos nouropteros 
y ortopteros, por Ignacio Bolivar, 1884. 4°. 
MxQiWBURQ.—NuturwimnsrhaftUehcr Verna. 

Jahresbericht und Abhandlungen. 1885. 8°. 

M arburg.— Oeeelhsehaft znr Beforder uag dev gemmutea Nainmlmaeehafter. 

Siizungsbcriehte. Jalirg. 1.88 4, 1885. 8°. 

Metz.— Aeudunie. 

Memoircs. 3"ser. Annce XII, 1882-83. 8°. 

Mexico.— Afmeo National. 

Anales# Tomo III. 7-10, LK85-86. 4°. 

- MlninteHo de Fomeato. 

Boletin. Seceion meteorologica. Tomo X 13-146, 1885-86. f°. 

Ebtudios de meteorologin com pa rad a. Por Mariano Bareona y Miguel 
Perez. Tomo 1, 1885, 8°. 

- tioctedad Mexieaaa de Jfiatoria Natural. 

La naturaleza. Tomo VII. 5-18, 1885-80. 4°. 

M iddeIjBURO .—ficcumch OenooUehap dcr Wetenmhappea. 

Archief. Deel VI. 1, 2, 1885-80. 4°. 

Naamlijst van dirccteuren en leden. Versing van het verhandoldc in tic 
algemccne vergadering, 1880-84. 8°. 

Milano —Real htltvto Ijombardo di ticimze e Letter. 

Uondiconto. Sorio II. Vol. XVII, 1884. 8°. 

MonmtA.—Regia Aecatkmladelle Mom, fatten ed Arti. 

Meraorie. Tomo XX, Serio U. Tomo IL1885, 4°. 

——ti octetit del NaturalW, 

Momorie. Sor. III. Vol. II-IV, 1883-85. K<\ 

Rendteonti. Bor. III. Vol. 1 pp. 105-140, II pp. 1-178, 1888-86, 8°. 

MONTPflLLlHR. —Acadt)nk den Ncicnm et fa ftree. 

Mdmoircs. Section ties lofctros, Tomo VII. 2, 3, 1884-86. 4°. 

——Section des sciences. Tome X. 3, 1883-84, 4°. 

-—-—Section do rnddedno Tome VI. 1, 1885-86. P'. 

Montreal.— JMt M AmeMlon for the Ad mm e< meat of Weave. 

Canadian economics. 1885. 8°. 

- Natural Iftgtm'y Society. 

The Canadian record of science. Vol. 1. 3, 4, It. 1-4, 1885-86, 8°. 
Mosoon.— tiociete Impnialc ties Naturalist*®. 

Nouvcaux mdmoires. Tome XV. 1-3, 1884-85. 4°. 

Bulletin. 1884 ii-iv, 1885. 8°, 

Meteorologische Beobachtungon am Observatoriuiu der landwirth. Altad- 
cmiezu Moskau, Jahrg. 18801. 4°. 
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MFnohdn,— K*w. buya'isrfu AhadonU (Ur Wissimrltafttu. 

SitmnghberiohU*. IMulosoph.-pIuloIog. urnl Uls(«»r Clu^e. 18S5. 8\ 

-Muthem.il ph>Mkal. Classe. 1885 S . 

J A. Schmellcr. Mine Denkrede von Konrad Hofmann 1885, 4‘, 

Sage urui Porhelmni*. Kestredevon K. OhlenHetdager. 18H5. I*. 

r /jiut\ He^ii/rizml Wesen dor roinisehcn Provm/. Kcstmlc vmi Moi* von 
Hriim. 1885. I". 

- Non tyhrht Mini mrte. 

Annalen ftupplhd. X, VIV, 1811 -St* 8°. 

Munster.— Wstfahsrlnr Vrovlunal- Vinlujur 11 Issoisrftujl mid huust. 

Jahrcsberielit. MIX, 1*84. 8°, 

Nanot. — Acadunle de *S iUtuMas. 

Meiuoiris. 5* ser. Tome II, III, 1884-80, 8 n . 

Navoli— JR. Ait adt hi lit (lith Stuiu FiMn i Mali inatlr/a*. 

Rcdiconto. Auno XXII XXIV, \\V. 1 II, 18811-80. V' 

- Zooloyhelu Stitt)07i. 

MittheUumrcn. Hd, VI. iM, 1885-80. 8°. 

NBwoASTLE-UPON-TvNr].—A otf/i of Fay!and Instduh oj Minluy mid Mirhaulrnl 
EntfUuen. 

Transactions Voi. XXXIV. 4-0, WXV 1-1,1885-80. S''. 

N urnbbrg .—Natu rh id origin UrsrlMu\ft 
Jahreaborielit. 1885. 8°. 

Odessa.—*S oi'tfti dts XuttmdM s tU fa Noumlle Rustle. 

Zapiski. Tom. IX. 2, X, XI. I, 1885-80. 8". Supplement, 1880. 4" 

-Matematieh eskoe otilleieni e. Tom. I-VI, 1878 85. 8°, 

Ottawa.— Geotoy teal and Nut unit History Sumy oft'mmUt. 

Report of progress, 18h‘i-8B-S4, wtlli maps. Montreal, 1885. 8 rt , 
Summary report, 1885, 8°. 

Contributions to Canadian palaeontology. Vol. 1.1. Montreal, 1885. 8», 

- Royal Slot kty of Canada. 

Proceedings mid transactions. Vol. II, III, 1884 85. 4 n . 

Oxford,— Radel(fe Library. 

Catalogue of books added, 1881, 1885. 8°. 

Palermo,—/?. Accadnnla di Letterv e Mir Artl, 

Bollettino. Anno II, 1U. 141, 1885-80 4*. 

Paris.— fieole IWyUehn itjue. 

♦Journal, Oahior LV, 1885. 4°. 

Catalogue de labiriHotlieque. 

- Sock ti National? (V ArrllmatalUm. 

Bulletin. 4" mV. Tome II. (M3, HI. 1,8 8,10,1885 80, 8<». 

- NoHtW Gi'otofflquc dr Fra tin . 

Bulletin, il" w»r. Tome XII. 0, XIII, XIV. 1 7, 1884 80. 8°. 

- SorU'U Mutin'mtdlque dr Frauen 

Bulletin. Tome IX. 5, X. 0, XI. U, 5, XIII. 5, 0, XlV.t 4,1881 80. 8« 
Pjha.— Soeiitd Toxemia dl Melon# Natural}, 

Memorie, Vo). VI. 0, VII, 1885-80. 8<>. 

Process! verbal!. Vol. IV pp. 0JU-0O0, V pp. 1 dl«, 1885-80. 8« 
Potsdam,— AfttropUyuilcallst'hex Obsemiforlum. 

Publicationen. Bd. IV. 1, V, 1885-8(5. 4«. 

Frag.—JT, ft. Stent mtrte. 

Magnetisehe und meteorologinebe Beobaehtungen. Jahiir. XLV, X bVI. 
1884-83. 4o. 

Astronomische Beobaehtungen, 1884. 4°. 
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PuLKOVA .—Nicolai Ha apish rnuuteh. 

Jahresberieht, 18S3-83, 1888-84, 1884-85. 8 r ’. 

Tabula 1 tpinnt.it alum Bosseliannnun pro annlh 1885 ad 1881). Ed. Otto 
St rave. Pet rop., 1885. 8 n . 

Die BeHelilufihe tier Wa&hingtonoi Mcridinuoontoivuz, Vou Otto Struve. 
St. IV torsi)., 1885. 8". 

Reuknsiujkg. - Zooloyheh-mimralogMn e I eetIn. 

Oorrespondenz-Blatt. Jahrg. XXXIX, 1885. «S“. 

- Ifintoeinehee Veedn von Oluepfal:. und Bey< a shiny. 

Vorhandlungen. lid. XXXVIII, XXXIX, 1884-85. w. 

Riga .—Natueforwhee Veeeht. 

Co rre Bp on den zb 1 at. t. Jalirg. XXVI I- X XIX, 1884-80. S°. 

Rxo de Janei ho .—Inst it at o Ilistoeieo , Geoyeaph ico e Nthmxjraphlco do /in f nil. 

Rovista trlmensal. Tomo XLVI-XLVII, 1883-81, 8°. 

Catalogo (Iok mauuscriptos, 1884. 8°. 

* Catalogo das cartas geographical hydrographieas, atlas, pianos e vistas 
cxistentefi no bibliotheca. 1885. 8°. 

- -Munea NacUmal. 

Archivos. Vol. VI, 1885. 4“ 

Dettre A M. Ernest Renan a propos de Pinscription pheniclenno apocrypha. 
Par Ladiwlau Netto. 1885. 8°. 

Conference fallo au museum national le 4 Nov. 1884. Par Ladislau 
Nctto. 1885. 8°. 

Roma .—Biblioteca Nazionak (hitrah Vittorio liman nek. 

Bollcttlno dolle opere moderne wtranicre aoquistato dalle bibliotecbe 
pubblic.be govornntive del regno d 1 Italia. 1880, No. 1-4. 8°. 

- Beale AccmUmia dci Lined. 

Memorie della oluase di science morali, Htoriche o fllologiehe. Ser. III. 
Vol. VIII, X, XI, XIII, 1888-84, 4°. 

Memorie della classe di Helen ze fisicke, matematiehe o natural!. Sor. III. 

Vol. XIV-X1X. Ser. 4. Vol. II, 1888-85, 4*. 

Uendieonti. Vol. I. 18-25, 37, 38, II. i. 1, 4-14; ii. 1-11; 1885-80. 4°. 
Annuario, 1880. 10°. 

- Bade Oomifato Geoloyieo <V Italia. 

Bollcttino. Vol. XV-XVI, 1884-85. 8‘\ 

Relnzlone huI servizlo ininerario nel 1883. 8°. 

- Uffido (It nitrate <U Meteoroloyia Italian a , 

Annuli. Ser, II. Vol. V, 18811. 4°. 

Rottkkdam .—tiataavxeh GenooUehap deePeoefondeeeindelijke Wijslnyterte. 

Niouwo verhandelingen. 2de rooks. Deol III. 3, 1885. 4°. 

St, QhLhm.^Natitmtmnse/iufflielu Gewlkehuft. 

Rericbt. 1R88-84, 8". 

St. PMTinwiHTBO.—■ (kwitti Geoloya/mu 

M('‘moires. Tqmo I. 1-4, II. D«, III. 1, lbH3-85. 4®. 

Bulletins, Tome I-III, IV. 1-7, V. 1-0,1883-80. 8«. 

Bibliotli5que g('*ologique de la Russio. I, 1885. 8°. 

-- Uoetm IhteopolUanm, 

Acta. Tom. IX. 3, 1880. 8<>. 

- Imp. Rim. Geoyraf. OUhtchenteo, 

Otchot. God 1885. 8®. 

- Nain. Ahulemie d&' Wiseennchaften. 

Repertorium dor Meteorologie. Bd. IX, 1885. 4°, 

- Iftysikalisches Cmtealobservaforiwn ,. 

Annalen. Jahrg. 1884. 4°. 

BekmizerUche natnefoeechen.de. Gceellechttft, 

Verbandlungon. Jahresversaimulung LXVII, I..XVUI, 1884-85, 8°. 
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Stockholm.— Fntomologisk Forming. 

Entoraologisk tidhkrifl. Arg. VI, 1885, 8°, 

- Kong, Svmsla Vitenskaps Akndemicn. 

Handlingar. Nyfofld. Bd. XVIII* XIX, 1880 hi. 4". 

Bihang. Bd. VI-VUI, 18H1-88. 8®. 

Ofversigt. Arg. XXXVII1-XL, 1S78-70. 8". 

Meteorologibka iagttngelHcr. Bd. XX, XXI, 1818 70. 1°. 
LofnadHteekningar. B<L II. 9* 18HS. 8°. 

Stuttgart.— Vercinfur mterlandische Naturknmie in Wnrtfmbety. 

Jakrcshefte. Jahrg. XLI, XLII, 1885-80. 8“. 

Sydney.— Observatory. 

Besults of rain and river observations, 1886, K« 

- Royal Society of New South inrlcK. 

Journal and proceedings, Vol. XVIII, 1884. K®, 

Annual report of the department of mines, Now South Wales. 1886. i% 
Taoubaya. —Obsewatorto Astmmnieo National. 

Anuario. AfioXT, 1886. 8°. 

Coordenadas geografloas, determinndas por Angel Anguiano, Mexico, 
1886. 8°. 

ThrondhJEM. —Kon. Norske Videnskaben Selskab. 

Skriftcr. 1884. 8®. 

Tivi,l8.~JPhysicaU8chex ObservatorUnn . 

Magnetische Beobnehtungen. 1810-1888, 8®. 

Meteorologische Beobnehtungen. 1878-1884, 8°. 

Beobachtungen dcr Tempemtui* den Erdbodeus, 1880 88, 8°. 

Tokio.— Imperial University of Japan. 

Abhandlungen. No, XII, lh86. 4°. 

Calendar. 1886-87. 8®. 

- Seismobgical Society of Japan. 

Transactions. Vol. VH. 1, IX, 1886-86. 8°. 

Torino.— Mmei dl Zoologla ed Anatomia Compamta. 

Bollettino. Vol. I. 1-16,1880. 8°. 

Toronto.— Canadian Institute. 

Proceedings. Sor. III. Vol. III. 2* IV. 1,1886-86. 

-- Meteorological Service qfthe Dominion tf Oanada. 

Report. 1881. Ottawa, 1888. 8°. 

ToxJLOtm— AcadJmte dee Sciences, Inscriptions et Belles-Lettres. 

Mdmoiros. 8*srfr. Tome VI, VII, 1884-85. 8®. 

Ubsala,— JSegia Sooietm ScimtUmtim. 

Nova acta. Ser. Ill, Vol. XII. 2, XIII. 1,1S85-86, 4®. 

Uwboht.— Kon. Nefarlwulsch MefeorologUoh Instituut, 

Nederlandseh moteorologlsch J earhook, * 1886. 4°. 

- *IYovimiaal UirechUoh GenooUchap van Kumtm m Wetmschappen, 

Verelag van bet verkandelde in de al^emcene vorgaderlng, 1885. 8°. 
Aauteekeuingen van bet vorhaudelde in de seotie-vergaderingen, 1884*85. 
8°. 

VattaiMA.— Jmwto Yeneto di Stienm, Letters ed Arti. 

Atti. Ser, VI. Vol, It 8-10, lit 1-8, 1888-86. 8®. 

-Notaries, Anno 11 7 8* 1886. 8®. 

tiowszx.~Aeoadmia Olimpica. 

Atti. Vot Xmty 1888, 8°. 

Nfjm.^KaU. Akadmie dor Wkmsehqftm. , 

SltirangBberiohte. Mathemat.-natnrtdse.' Classe. Afcth* t Bd. XCL 3COL 
1-4,1884-86, 8®. 

& Qmtto'&AnsttftJMr Mfaorobgie md Mdm^rnmmm. 

J4hrbttebeir, NeueEolg*. XX, XX1> 168WA 4®, 
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Wien, — K. k. geotoghche Reichsati staff. 

Jahrbuch. Bd. XXXV, XXXVL 1,1885-80. 8°. 

Vcrhandlungon. Jahrg. 1885,1880 i-iv, 8®. 

Wtkn. — K. k. Nainrhhlvi'W'hex Jlofmuseum. 

Annalen. Bd. I. t, 2,4, 1880. 8°. 

- K. k. zoolo/jMhbota)i hrh e Onpjhchaft. 

Vcrhandlungon. Bd. XXXIV-XXXVI, 1884-86. 8°. 

- OcsUnekhUche QmiMmjt j\tr Mrtcorologk. 

ZclLflcUrift. Bd. XX. 7-13, 1885. 8°. 

WiESiunEN.-~Atatf?«teGtf<r Vcrdn fitr Naturknnde . 

Jahrbiieher. Jahrg. XXXrX, 1880. 8®. 

W ttRZRXSRa.^Phytfkaltech-mcdicinkch e Qmlhoh aft. 

Sitzungsbcrichte. Jahrg. 1885. b°. 

ZtinXGB.~Natiirforsehmde GmUsehcft. 

VierteljahrMschrifl. Jahrg. XXVE-XXIX, 1881-84. 8®. 


Barus, (Oarl) and Stfouhal, (Vincent). The electrical and magnetic properties of 
the iron carburets. Washington, 1885. 8®. From the Authors. 

Harden, William. A suggestion as to the origin of the plan of Savannah. 

Savannah. 1885. 8°. From the Author. 

Ilirn, G. A. Notice sur les loin du frottement. Baris, 1884. 4°. 

From the Author. 

Klossovsky, A. Les orages au sud de la Russie. Odessa, 1886. 8°. 

-Les orages en RusBie. Odessa, 1886. 8®. J&om the Author. 

Lewis, IT. Garvill. Marginal kaines. Philadelphia, 1880. 8®. * 

-A great trap dyke across Southeastern Pennsylvania, Philadelphia, 1885. 

8®, * From the Author , 

MacLeod, Jules. La structure des iraehoes et la circulation plrltmchdenne. 

BruxclleB, 1880, 8®. From the Author. 

Pickering, .Edward O. An investigation in stellar photography conducted at the 
Harvard College Observatory. Oamb. 1886. 4®. From the Author. 

Russell, H. C. Local variations and vibrations of the earth’s surface. Sydney, 
1886. 8®. 

—Annual address. Royal Society of New South Wales. Sydney, 1885. 8®. 

From the Author. 

Searte, Arthur, The apparent position of the zodiacal light. Boston, 4®. 

From the Author. 
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Connecticut Academy of Arts and Sciences, 

IiY (iIKT ANI) ExPUANWS, WHOM Jan. 1, 1887, lo I, 1888. 


Amiany .—New York Mute Library. 

Annual report. LXVJI-LX1X, 1884-80. 8°. 

-Mw York Mate Museum of Natural History. 

Report. XXXn, XXXVIII, XXXIX, 1878-85. 8°. 

Anarfran Association for the Advancement of Science. 

Proceedings. Meeting wxvi, \x\vii, 1880-87. Salem, 18S7-88. 8°. 
Ann atoms —f r tifte(t Matts Marat Institute. 

Proceedings. Vol. NTH, XIV. 1, S3, 1887-88. 8® 
liAi/FiMnitn.—-iMn* Httyhin s (fnmrslty. 

American chemical Journal. Vol. VIIr. (5, XX. X. 1-4,1886-S8. 8°. 
Studies rrom the biological laboratory. Vol. TTI, 0, IV. 1-4, T887-K8. 8°. 
University circulars. No. 03,1888. 4<\ 

Observations on the embryology of Insects and Arachnids, By Adam T. 
Bruce. 1887. 4°. 

Boston. MU n tijte Society. 

Science observer. Vol. V. 1-3,1880-87. so. 

- American Academy of Arts and Srienees, 

Proceedings. Vol. XXII, 18S0 87. 8®. 

— —Soeit ty of Natural History* 

Memoirs. Vol. TV. 1-0,1880-88. 4°. 

Proceedings. Vol. XXIII pp. UNO-INK, 1880-88. 8°, 

Brooklyn,— finimotoyieal Society. 

Knfomologien Americana. Vol, U. 0-12, HT, IV. 1-4,1880-88. 8°. 
OAMiwmoiB.— Harvard (hthye. 

Annual reports of the president and treasurer. 188VG, 1880-7, H<\ 

Record of the commemoration, Nov. 0-8,1880, of the 2001 h anniversary 
of the founding of Harvard College. 1887, 8°, 

—Astromntcal Observatory of Harvard (hlleye. 

Annals. Vol. XIU, 2, XVIT, XVTIi. 1-0, 1887-88. 4°. 

Annual report. XU, XLXX, 1880-87, 8°. 

Henry Draper Memorial Annual report. I, IT, 1887-88. 4 n . 

Boyden Fund. Circular, no. % 1887. 4®. 

——- Museum of Comparative ZohlMjy at Harvard CoUeye. 

Memoirs. Vol. XV, XVM, 2, 1887. 4°. 

Bulletin. Vol. XIII. 2-0, XIV, XV, XVI. 1, XVTT. 1, 1880-88. 8®. 
Annual report. 1880-87. 8°. 

- flntomaloyteul Olid)* 

Psyche. No. 185-187, 141-140, 1885-88. 8®. 
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Chapel IIill.—.SViVm Mitchell Scientific Society. 

Journal. 1885-80, 1887, 8®. 

Cttauleston,— Mthott Soehty of Science ami Art. 

Proceedings. Vol. IT pp. 81 100, 1815 87. 8°. 

Chicago.— The American nntUfuarUni and oriental journal. Vol. J\, \ 1 11, issn 
87. 8°. 

Cincinnati.— Observatory. 

Publications. No. 0, 1887. S‘\ 

- Soeltty if Natural History. 

Journal. Vol. IX. 4, X, XI. 1, 1880 88. 8". 

Davenport.— Academy of Natural SeU arcs. 

Elephant pipes and inscribed tablets in the museum of the Academy, By 
Charles K. Putnam. 2d ed. 1880. 8 n . 

Frankfort.— Kentucky Geological Surety. 

Bulletin. No. 1,1811). 8®. 

Chemical analyses, A. Vol. II, 1885. so. 

On the fossil Braehiopods of Hie Ohio \alley. By N. 8. Shuler 4 M . 

On the prehistoric remains of KentiieKy. By L. Carr atul N. 8 Hinder. I*\ 
Information for emigrants. By John II. Procter. 188s, 8". 

Notes on the rocks of Central Kentucky, with list of rosnlls. By W, M, 
Linney. 1887. 8®. 

Report on the geology of Mercer county. By W. M. Muncy. issr. K®. 
Report on the Pound Cap region. By A. It. Crowbill. 1885 8®. 

Report of a reeoimolRHunee of a part of the Broekenrldge coal district. 
By Charles J, Norwood. 8°. 

Report of the geology of a section near Oomphm, Wolfe county. By P. 
N. Moore. 8°. 

Roport on tlio ^progress of the survey, 1882 82, lXSt 85, 1 ami 87. By 
John R. Procter. 8°, 

Geological maps. 14 sheets. 

Granville.— Dennison Uniuemly. 

Bulletin of the Bcicntiilc laboratories. Vol. 1 III, 1875 78. W\ 
Harrisburg .—Second Geological Sunny of Jfoinsylvtutia . 

Annual report. 1885, pt. Mil, with nllas, 8'\ 

Atlasot Western Middle Anthracite field, PL. II (AA), 1887. 8®. 

Atlas to roport on Bucks and Montgomery count lew. (CP), 1888. 8®. 
Madthon.— \Vanhburne Observatory . 

PuhlicafciouH. Vol. V, 1880.* 8°. 

Meriden.— Scientific AmHatiov. 

Transactions. Vol. II, 1885 80. 8®. 

M rmvLwrowN,— Wenleyan Un lucrrtty. 

Annual report of the curators of the museum. XVII, 1887 mh, w\ 
Minneapolis,— Geological, and Natural Uhtmj Surrey if Mnncwta. 

Annual report. XV, 1880, 8°. 

Bulletin, No. 2-4, 1887. 8®. 

- Minnesota Academy qf Natural Sri nice*. 

Bulletin. 1875, 1870,1878- 70. 8®. 

Mt. Hamilton.— SMk Obmwaiwy. 

Publications. Vol. 1, 1887. 4®. 

New Orleans,— Academy qf Science*. 

Papers, Vol, L 1,1880-87, 8®. 

New Yomz.~~Academy of Sciences. 

Annals, Vol, ITT, 11,12, IV. 1-4, 1880-88. 8®. 

Transactions, Vol. IV, V. 7-8, VI, 1884-87. 8®. 

- American Geographical Society. 

Bulletin. Vol. XVII. 4,B, XVBU. 3-5, xrx, XX.l,j8, 1HWWW. b». 
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NhW Y«)HK Atmriran Must urn of Natural History. 

Bulletin. Vol. 1.8,11. 1JSS0-S7. 8®. 

Anmi.il report. 1887-88. 8°. 

- -Astor Library. 

Amniiil report. XXX VIII, 188<i. S'\ 

- Microscopical Society. 

Journal. Vol. HI, IV. 1,3, 1887-88. 8®. 

- Torn j/ Jiolaa ica( Club. 

Bulletin. Vol. XIII. 10-13, XIV, XV. 1-7, 1880-88. 8®. 

PniOjunamrrA .—Acaduny of Natural Science s. 

Journal. Series IJ. Vol. VIII. 4, IX. 1, 3,1874-88. 4®. 

- Franklin Intitule. 

Journal Vol. CXXIII-CXXV, CXXVI. 1, 3,1887-88. 8®. 

--- Wayntr Nr<c Insiitutt of henna. 

Transactions, Vol. 1,1887. 8 n . 

Pouun kkmpsiK, I assar Brothers Institute. 

Transactions. Vol. IV, 1SS5-87. 8°. 

Ro< in icstk it.— Warner Obst motory. 

History and work. Vol. I, 1888-80. 8°. 

Saohamento .—(Mltfomia Mate Mininy Bureau. 

Annual report of the stale mineralogist. VII, 1887. 8®. 

Salem.— tissue. Institute. 

Bulletin. Vol.’ XVIII. 1-13, XIX*, 1880-87. 8®. * 

San FllANOIhOO. — (Jalfornia Academy of Sciences . 

Memoirs. Vol. II. I, 1888. 4°. 

Bulletin. No. 0-8,1887. 8®. 

- Technical Nodtty <tf the Paoijlc (hast. 

Transactions and proceedings. Vol. IV, V. 1, 1887-88. 8°. 

Santa B a tut aha , — Boca ty of Nat ural U istot'y. 

Bulletin. No. 1, 1887. 8°. 

Savannah.— Georgia Historical Society. 

The life and sorvieos of the Hon. Maj. Gen. Samuel Elbert, of Georgia. 
By Charles C. JoncR, Jr. 1887. 8®. 

Topeka.— Washburn (HI eye Laboratory of Natural History . 

Bulletin. Vol, 1. 8,1887. 8®. 

Tkwnton, N. J.— Natural History Society. 

Journal. No. 3, S, 1887* 88. 8®. 

Wasiunoton,— Bureau of Mueatton. 

Report of the commissioner of education. 1884-85, 1885-80. 8°. 
Circulars of information. 18801, 18871-Hi. 8®t 
——Oh iqf Hiffnal Officer. 

Annual report. 1885, 1880, 1887 pt. t. 8®. 

— - IfnlUd States (Jeolof/icat Survey, 

Annual report. V, VI, 1883-81,1881-85. 8». 

Bulletin. Mo. 30-410, 1880-87. 8®. 

Monographs. Vol. X. XI, XII, 1885-80. 4®. 

Mineral resources of the United States, 1885, 1880. 8°. 

- United States Naval Obwrvatory. 

Astronomical and meteorological observations, 1883, 1883, 4°. 

- Smithsonian Institution, 

’Annual report. 1884,1885. 8®. 

Annual report of the Bureau of Ethnology. IV, 1882-83. 8®. 
BHdiogmphy of the Eskimo language. By James, C. Pilling. 1887* 8°. 
Bibliography of the Siouan languages. By James C. Pilling. 1887. 8®, 
The use of gold and other metals among the ancient inhabitants of Chirt- 
<jui, Isthmus of Darien. By ‘William H. Holmes. 1887, 8°. 
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Washington. — H\nithmiUm Indituthm. 

Work in mound exploration of the* Bureau of Klhimlon.v. By 
Thomas. 1887. 8". 

PeiToiated stones from (Jnlilbmia. By Henry W. lienilu w iss ( s 

Worcester.— AnnrU'tm Antiquarian ft'wit fy. 

Proceedings. Now series. Vol. IV. 3, 4, V. I, I8S0 hi h'\ 

Amiens.— docVtt’ fJhnt'mnr tin Nord do la h'\ a net . 

Bulletin. No. 151-174, 1885 -SO. «o 
Amsterdam.— Kon. Akadtmlr nan Wotonxchappm. 

Jaarboek. 1885. 8°. 

Verslagen on mcdedoolingen. Afdeel. nntuurkumle. Ode recks. Deel 11. 
1880. So. 

AvabmniQ.—NatM'hisloriscItw Vmtu . 

Boricht. XXXII1-XXXVII, 188‘3-H7. h<\ 

Auamirb .'—SooWtS dm Helen rex [fhtorUjim ot Mat art Jit* dt l* Yon in. 

Bulletin. Tome XL. 3, XU, 1880-87. 8“ 

Bamberg. — ATaturJorwIu ado (ft wlhch aft. 

Bericht. XIV, 1887. 8°. 

Basel. ^Natmforsehmde Gexelhchaft. 

Vcrbandlungen. Tboil VIH. l,tt, 1880 87. 8<\ 

Batavia.— Kon. Natuarkimdiyo Vorconiylny in A MoHtwdxtdi tj\du. 

Natuurkuudlgo tfjclsebrift. Deel XLVI, XLV1I, 1887. S'. 

- Maynetieat and Meteoroloyictd Obsormtory. 

Observations. Vol. VI supplement, VII, IX, 1880 87. 1*. 

Bisitu en.— ftluamtn . 

Aarsberetning. 1880. 8°* 

Berlin,— Kbnifltehe titemmrtQ. 

Berliner astronomteches Jahrbudi, 1880, IsjM), 8®. 

Bologna. —Af. AmidcmUt delta (Scion'e delP htftntodl Hula# nu, 

Rendiconto, Anno 1880-87. 8®. 

Bombay.— Boudiay Branch of the tfoyaf Asiatic (Society. 

Journal, No. XLV, XLV1, *.887. K*\ 

Index to TnuiHiiefcloue vol. Ml I, uml Journal vol. I XVII. IKS(I. 

- Gomnmimt Obxor calory. 

Mngnetleal and meterologieal observations, 1885. 4°. 

Bon tt.~~N<tiarh tutor inch er Yen in dec pcenMlxehon /thelntund^ Woxlfatem and dee 
Jltg*~hczlr)n Ohnabrilck. * 

Vurhaurtlungeu, Jalirg, XUll. XUV, 1HH0 87. 8". 

Bordeaux. — AmlhnU' National? dm (Scbuico^ BlUn toft met Art*. 

Acted. Arnica XLVII, 1885, 8*', 

- JjaritW lAnnt'&m'. 

Aotos. Tome XXXIX, 1885, H<\ 

Pro&Vverbaux. 1880, 8°. 

— HaeWM dm Science* Physique* U Natardicx. 

Mtfmojros, sdr. Tome II. 8, appomUco HI, III, I, 1880, 8 ,, t 
Braunschweig.— Vereinflr NulurwtnHmmhrtft. 

Jahresbcricht. Ill, IV, 1881-80. 8®. 

Bremen ^Natarwismsehqftlloher Vereiu, 

Abbandlungen. Bd. IX. 4, X, 1, 2,1887-88, 8<>, 

BxvbU &»-tkhteteeM Gmltwhajlftir vaterltindisehe Oidtur, f 

Jahres-Bericht, LXni u. Ergta., LXIV u. Ergmm., 1885-80, 8« 
&R&m.~N<tttfrJbrach$r Vmin. 

Verhaudlungen. B<1 XXIV, XXV, 1885-86. 8«. 

Berieht der meteorologiechon Cormulasion. V f 1885, 8°. 
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HuiiMOMiMS. -Aunlnnle ItotjuU do, M< nc< s, <(<x I,<t(res tl tU s Heato Artsdt IhUjhjm' 
Memoireh. Tome \LVl, 18N>. 4°. 

Memoires couromics el memoir eh deg savants el rangers. Tome XLVIL, 
xi.viii, imi 4 <>. 

Memoires cotmmnes (4 autres memoires, Toim* XXXVII - XXXIX, 
ISS<{, 8<\ 

Bulletins. IV bit. Tome IN XII, 1885-80. 8°. 

Amiunuv. Ammo LI I, LIII, 1SX6-S7. H u . 

NoticoH biograpldques ot bibliogr.iphiqucH. 1NSO. sS (> . 

Catalogue des llvres do la bibliolhequo. Parti e I, II. 1, 1881-87. 8°. 

- Must e fioi/al do Fffktohu Huturoth. 

Bulletin. Tome LV. 4, 18X0, 8°. 

•- tioeWft' Mutomofuj/iqite do Jielglquo. 

Annaloh. Tome XXX, 1880. Table generale, tome I-XXX. 1X87. 8°. 
——tioeUV Doyafe fief ye de Gt'ogmphh'. 

Bullet In, Anivo X. 8-0, XI, 1880*87. 8°. 

- - tioch U* Itoyitlr do Hot unique. 

Bulletin, Tome XXV. 13, XXVI. t, 1880-87. b°. 

-- HoeU'tS Itoyufo AMueotot/lquo de Ikhflqto . 

AimaloH. Tome XXI, 18814, 8°. 

ProccH-verbaux. Tome XV pp. 07-140, XVI pp. 1-80, 18X0-87. h‘\ 
titatuts. 3" oil. • 18S0. 8°. 

BlUJAKKHT .—tnaitut MMorofofjtqm do Jtonmunits. * 

AmrnloH. Tome I, II, 1885-80. 4°. 

BorvieluKi meteorologies in Europe. Nolo do oaleioriit de ingiuerh Bt- 
(). IlepitcB. 1884. 4®. 

Buoapisbt.— I\*m. any. Ventral* AmJult fur Mtoorofoyk und JSrdmtyntthmm. 

Jahrbuchor, Jalirg. XV, 1885. 4°. 

UuHNCN Aihkx,— Mum) /Wlro. 

AnaleH, Enlrega XU I, XIV, 1888-85, 4^ 

Atlas do la description physique do la Udpuhllque Argentine, Par II. Bur- 
mcister. Section U. Mamimferos. Livr. 1-41, 1881-bO. f°. 

- Soeledud Gtenf(flea Aryentlmi. 

Amdcs. Tome XXII, 5,0, XXItl, XXIV, XXV, 1, 1880-88, H«. 

Entmlio crltleo y comparativo do las roglnb de Descartes y do Newton re- 
spoefco al ttumero de ralcen dc las ecuaelonoB numerical*. Por Arturo 
OnmbriL 1880. 8°. 

(Jawn, Hm'U'U' UnuMtne do Mrmundlo. * 

Bulletin. 4*' xdr, Vol. I, 1880-87. 8*. 

< ‘amhitta. •“AttiaUo Hoctoty of Hotted. 

Journal. Vo). LV, pt. I, no. il, 4; pt. il, no, 8-5; LVI, pt, I, no. 1-8; 

pt. II; LVU, pt. II, no. t; 1880-88, 8” 

Proceedings, IKKO, no. 8-10,1887, 1888, no. 1-8. H«. 

Descriptions of new Indian Lcpldopterou* iitMwtH irom Urn eolleetlon of 
the Into Mr, W. 8. Atkinson. Pt. HI, I8SS. 4". 

.~~~~~{Jeolo{/leaI Harvey of Jndiu. 

Pnhvoutclogla Indian Sor, I, vol, I, pt, l, (reprint); X, vol, Iv, pt. 8, 
Xtr, vol, iv, pt. 3; Xirr, vol. 1, pt. 0; 1880-87. 4°, 

Memoirs. Vol. XXIV. 1, 1887, 8®. 

Records. Vol. XX, XXI, 1,2, 1887-88. 8°. 

1 Manual of tbo geolog}’of India. Pt. IV. Mineralogy. 1887, 8®. 
Catalogue of the remains of Siwalik Vertobrata in the Indian museum, 
Calcutta. Pt. 1, Mammalia. Pt. 2, Aves, Reptilia and Pisces. Pleisto¬ 
cene and pri-Ulstoric Vertobrata. 1885-86, 8°, ► 

—— Motmrohyicd Department <tf the Government of India. 

Indian meteorological memoirs, Vol. IV. 2-4,1884-86. f°. 
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Calcutta ..—JMeteoivloyical DejMirtoncut of the (loMnunent of India. 

Report on tlio meteorology of India 1K85, 1880. f°. 

Report on the adnunitdiation of tin* meteorological department, 1885 80, 
1886-87. f°. 

Meteorological observations recorded at sW stations in India. 1880 dulj 
Die., 1887. 1°. 

Cyelouc memoirs. Pt. I, lStS7. 8°. 

Charts ol the Bay of Bengal and adjacent sen north of the equator show 
ing the mean pressure, windH and currents in each month ol the year. 
1880. f°. 

-showing the specific gravity, temperature and currents of the 

sea surface, 1887. t°. 

Memoirs of the w inds and monsoons of the Arabian Bun and North Indian 
Ocean. By W. L. Dallas. 1882. 4°. 

Oambkidois .—Phifouoph ical Society. 

Transactions. Vol. XIY. 1,3, 1885-87. 4°, 

Proceedings. Yol. V. 6, VI. 1-3,1880-87. 4°. 

Ca&sel.— Vtreiu fur Naturkntale. 

Berieht. XXXII-XXXIII, 1884-86. 8°. 

Cherbourg.—/S bcw'fr' Nation ale ties /Sciences Nat nr/ lies. 

Memoires. Tome XXV, 1887. 8°. 

Christian^.— Kong. Nonke ITniecesitet. 

Norges va*xtrigo. Af Dr. F. C. Schubeler. Bd. I. 3, II. 1. 1880. 4°. 
Joannis Agrieohe Islebiensis apothegm at u nonnulla nunc prtmuiu odidit 
Dr. L. Daae. 1880. 4®. 

- Normgisches meteomloglschtH InstUnt. 

Jahrbuch. 1885. 4°. 

- NonacyUm Nw'th-Atlantic JtJxpedifio?i, 1870-78. 

Publication XV1-XVIII. 1880-87. 4°. 

- Videnskabs Mskabct. 

Forhandlingar. 1880. 8°. 

CutJR ,—Naturforschende Gesrthtfiajl Graubtinden s, 

Jahres-Berlcht. Neue Folge. Jahrg. XXIX, XXX, 1 SSI-85,1885-80. 8°. 
Cordoba. —Academia Nanonal de Cicadas. 

Actas. Tomo V, 3,1880. 4°. 

Bolotin. Tomo IX, X. 1, 1880-87 8°. 

Danzig, —Natarforschenth Geselhchaft. 

Schrlftcn. None Folge. Bd. IV. 4, VI, 4, 1878-84. 8*'. 

Dijon.— AcaUUhnie Sciences, Arts it Bdles»Uitm. 

Memoires. 3* ser. Tome IX, 1885-86. H‘>. 

Dori*at. — Getehrte Mtnische Gcsellschctfl. 

Sitssungsberlchlo. 18S0. 8°. 

- Mmfomtw-Gesclkehitfl M tier llnUnnttnt /Jor/iut. 

Archiv flir die Naturkunde Liv-Rhst-und K inlands. Her. I. Bd* IX. 4* 
1887. 8°. 

Sitzuugsherichte. Bd. VIII, 1, 3, 1880-87. 8 n , 

Sehriften. ri-lV, 1887-88. 8®. 

DnmntiN.^Natarwimnsehttftliche Geaell&chaft his. 

Bitzungsberichte und Abhandlungen. 1885 Juli- Dee., I NSC, 188?. 8*». 
Dublin.— Ii&yal Jri\7i Academy. 

Transactions. Vol. XXVI. 33, XXVII, 0-8, XXVIII. 31-35, 1879-86, -K 
Proceedings. Ser, II. Science. Vol. IV. 5, 1886. 8°. 

Cunningham memoirs. No. I-1V, 1880-87. 4®, 

E’DiN’Bvmn.—OeologiccLl /Society. 

Transactions. Vol. V* 3, 8,1887. 8°. 

Catalogue of the library. 2887. 8°. 
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15 din Bn nan .—Royal Physical fiocirty. 

Proceedings, Vol. IX. 1,1X85-80. S°. 

- Royal tfoeicty. 

Proceedings. Vol. XII pp. 945-LOOK, XUT, XTV, 1883-87. 8°. 

List. oT members. Nov. 1887. '1°. 

Em own. —Naturforschendc Gcxelfschaft. 

JnliHJhberieW. LX XI, 1885-80. 8« 

EitPiriiT. - Kan. Akadmdeyemehmafstger WixseuschafCeu. 

Jahrbiichor. Ncue Folge. Ileft XIV, 1880. 8°. 

FntVNzn .'—liiblioteca Minion ale (hit rale. 

Bollettino delle pubblicazioni Haliunc rieevute per diritto dl stnmpn. 
No. 35-01, 1887-88. 8®, 

Frankfurt A. M. —Deutsche mutakozoologischc OtnelMiaft. 

NaohrichtsblnU. Jalirg. XVIir.’ 11,13, XIX, XX. 1-G, 1880-88, 8°. 

- Kenckenbergkc.lu naturforschendc (leselhehaft. 

Ablmndlungen. Bd. XIV. 3, 3, XV. 1, 2, 1880-88. 4°, 

Berichl, 1880, 1887. 8°. 

FuBimTBO IN B .—Naturforschende Rest ILwhaft. 

Veiiumdlimgen. Bd. VIII, 3, 1885. X®. 

Borf chic. Bd. T, 1880. 8®. 

Geneve. —Jnntitnt National Oencnois. 

Bulletin. Tome XXVII, XXVIII, 1885-88. H<\ 

Mdmoirofi. Tome XVI, 1883-80. 4°. 

- tfocivte de Physique et (V11 Moire Natnrelle. 

MOmoiroh. Tomo XXIX. 3,1880-87. 4°. 

(1 1 whhmn ,—Oberlu ssische Gesellschaftfur Natur-uud fleilkuude. 

Bericht. XXV, 1887. 8°. 

Glasgow.— Natural History Society. 

Proceedings and transactions. New series. Vol, I. 3, 1885-80. 8°. 

- Philosophical Society. 

Proceedings. Voi. XVI1, XVHI, 1885-80,1880-87, 8°. 

GOitMTSSi— Nalurforxeheitde Gesetlsch aft. 

Abhandlungon. Bd. XTX, 1887. 8°. 

G()TTINUKN.— Kf'mifft. Geselhchaft dor Wimnwhaften. 

Nachrlchten. 1880, 1887. 8°. 

GOstrow.— Verein der Freunds der Nafurycwhiehte in Afeckfenbmy. 

•Arehiv. Jalirg. XL, XL I, 1880-87. 8°, 

Habana ,—Real Oolcylo do Men. 

Obaorvacionoa mngnetiens y metoorologieas, 1885 iv, 1880 Mii. 4°. 
Halifax,— Department qf Alines. 

Itopott. 1887. 8°. 

IIallw.—A' ato. Tsopoldln Iseh - Caro!Inhohe. deutsehe Akademie der Nahtrforseher. 
Loopoldina, Heft XXII, XXIII, 1880-87, 4®. 

- Nqturfowrhmde GeMschaft. * 

Abbandlungen, Bd. XVI, 4, 1880. 4®. 

Bericht. 1885, 1886. 8®. 

- Natnrioissfmschaftlitdm Vmbtfilr Nnchmi nnd Thiiringeu . 

Zeilschrift fiir die gosammfcen Nuturwisaenschafteii, Bd. L1X, 8-0, bX, 
18H0-N7. 8°. 

Hamburg.— Deutsche. iScewarte. 

Archiv. «Tahrg. VIII, IX, 1885-86, 4®, 

Monatliche Uebersieht der Witterung. 1886, 1887, 1888 Januar, Feb- 
ruar. 8°, 
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Hamburg.— NaUiviohnensch aftlieh er 1 'croiti. 

Abhnndlungon. Bd. IX, -X, L8HG-87. 4°. 

-IFfa'fc’n se/taftlielu Ahhtaltrn , 

Jnhrbnch. Jahrg. TV, V, 1880-87. 

Hannover.— NhfurMstorlw/ic (hwlhchaft, 

Jahrcsbericht. XXXIV-XXXVII, lS8iM88 7. 8®. 

TIarlum .—J/itv e Teylcr. 

Archives. Serie U, Vol. III. 1, lfW. 8®. 

Catalogue dtUabiWiolhfapie. Livr, 5, 0. 1880. 8®. 

Lisle alphdbclique <le la correspondence tie Christian Huyglicns. l'\ 

■ . - HocU't*' Holla ndaiae tfes Hetenees, 

Archives neerlandais(‘s <lcs sciences exact os el nature lies. Tome .XXI. 
H xxn, 1880-87. 8°. 

Helsingfors. —Soektax Hctenlim'nm Femrica, 

Ofvorsigt af forhandlingnr. XXVTl, 1884-85. 

Bfdragtill ksinnedomaf Finlands natur oeh folk. Haft. XUII, XUV, 
188G-K7. 8°. 

Exploration inlernationnlc des regions polnires, 1888-84 ot 1881 8ft Expe¬ 
dition polaire tinlandaisc. Tome I, II. 1880-87. 4®. 

- Tmtitnt Ah'tforoltHjiqw Central, 

Observations. Vol. T, IT. 1, 1882-88. 4°. 

IIongkono.— Observatory. 

Obsei vations and researches. 1880. f°. 

Jen A .—Med innibclMiatunoknen seh <{ ftlieli e GewUxchafl. 

Jenaische Zeitscbrift fur Naturwlssmisehafl. lid. XX, XXI. XXII. I, ft, 
1881-88. 8°. 

n. l EL.— Kimigl. C/i rtstlmt A Ibrt ehk-1In Iversitnt. 

Disscrtntionen, ete. (48). 1880-87. 

—■— Na&'m'w'mennch aftlieh or Verehi fur frhUmiy-Uohtehu 
Sehriften. Bd. VII. 1, 1888. 8°. 

Kiev*— Kievskte Obtfi chest vo FesUstvoUputatelei. 

Zapiskl. Tom. VII, VIII and «nppt., L8S3-87. 8® mid 4°. 

KjcIbenhavn.— Kon. lhtnske VidcnskaJunus MftJMb* 

Oversigt over forhandlingor. 1880 ii, iii, 1887 I, ii. 8®. 

KT>nigsber< h—Khtilffh physicalkeh-okanom keh e (leselhchajl, 

Sehriften. Jahrg. XXV IT, 1887. 4<\ 

Krakow.— K. k, tfternmvte. 

Maloryaly do klimatogralU Oalieyl. Rok 1880. 8®, 

Lausanne. — Hoelft* Vmtiotw des Helen ces Fat art lies. 

Bulletin, 8° ser. No. 01-00, 1880-87. 8®. 

Leers.— Yorkshire Geologlml and Iblyii chute Hoetety, 

Proceedings, Now series, Vol. IX. ft, 8, 1880 88. 8 f *. 

Lbiubn. ~~Federlamhehc Dkrkmdtye Vvreentying, 

Tijdscrift, Ser. IT. Deri 1. 0,4, ti. l.ft, 1880 88. 8". 

Leipzig,— Astronomischs UcM'lheh<{ft, 

VicrtoljuhrSHchrifl,. Jahrg. XXII, 1887. 8®. 

Publication XVIII. 1880. 4®. 

- Kim, hhchmcM Gmlhehqft der Wimnschaften, 

Bcrichto, Math.-physisebo OJasse. Bd, XXXVIII, XXXIX, 1880 87, 8®, 

- Verdn far JBh'dkmde. 

Mittlieihmgen. 1884-1880. 8® and f®, 

-—Zoologischer Anaoiger. No. 2-11-282, 1887-88, 8®. 

Lij&gb ,—HocteiA Gdologiqne de Helgiqm. 

Annales. Tome XIII, 1, 1887. 8®, 

ProcOs-verbal de ^assembles gdndralo du 31 Nov. 1880. 8®, 
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AfhlUJons to the Library. 

Liba^.— Socle'ft' Royalc dot Sciences. 

Mf'moIroH. 2’ sdr. Tome XIIT, XIV, 18SG-8S. 8°. 

IjTN /.—Must um Francisco-Carolitut m. 

Berioht. XLIV, XLV, 1S8G. 8°. 

Lisboa, —Sociedadc de (h agraphia. 

Bold fin. Berio VI. 7-12, V1T. 1-8, ISSO-Si. 8°. 

Elogio lilslorioo do Antonio Augualo d’Aguiar. For dome/. do Brito, 
IhSi. 8°. 

LlVEiVTOOii, —Literary and Philosophical Homely. 

Proceedings. No. XXXIX, XL, 1884-80, 8°. 

1 iONi >on. —CL alotjical Society. 

Quarterly journal. Vol. XLIII, XLIV. l s 2, 1885-hfc 8°. 

List. 1887. 8o. 

- Lhnican Society. 

Journal. Zoology. No. 114-117, 120-20,1880-87, 8®. 

Botany. No. 145-141), 151, 158, 18S0-87. so. 

Proceedings. 1883-87. 8°. 

List. 1880-87. So, 

- Mathematical. Society. 

Proceedings. No. 273-320,1880-88. 8®. 

List of members. 1887. 8®. 

- Royal Meteorological Society. 

Quarterly journal. New series. No. 01-00,1880-88. 8°. 

List of fellows, March 1, 1888. 8°. 

- Royal Historical Society. 

Transactions. New Rories. Vol. TIL 3, 4,1880. 8°. 

England and Napoleon in 1808, being the despatches of Lord Wentworth 
and others. Edited by Oscar Browning. 1887. 8°. 

The teaching of history in schools. An address by Oscar Browning. 1887. 

8®. 

- Royal Microscopical Society . 

Journal. 1887, 1888 i-iii, 8®, 

- Royal Society. 

Philosophical transactions. Vol. CLXXVII, 1880-87. 4®. 

Proceedings. No. 248-200, 1880-88. 8®. 

List of council and members. 1880. 4®. 

—Zoological Society , 

List ofvertobrated animals now or lately living in iho gardens of the 
Zoological Society of London, 8th ed. 1888. 8®. 

Lund,— TPu toersitet. 

Acta. Tom. XXXI, XXXIr, 1885-87, 4®. 

Lhxbmbo um,~~2mtltut Royal Grand-Ducal. 

Publications. Section dos sciences mathdmatlquc* et naturellos. Tome 
XX, 1880. 8®. 

Observations radtdorologiques, Vol. Ill, IV, 1887. 8®. 

Lyon.*—, Muste Gitimet. 

Ann ales. Tome X-XH, 1886-87. 4®. 

Bovuo do Pbistoire des religions, Tome XIV, 2,3, XV, XVI. 1,1880-87. 
Security dans les theatres. Par M. Smile Gnimct, 1887. 8®. 

Lyme Regis.— ftmi&don Observatory. 

Publications. Vol, IV. Meteorological observations for 1887, 4®. 
Mat>JU8,— Government Observatory. 

Observations of the fixed stars made with the meridian circle, 1802-67, 

4°, 
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Madrtd.— ComMon (Id Napa Gtohxjieo tie ttspaha, 

Boletin. Tomo XII. 2, XI II. 2, 1885-85. 8«. 

Memories. Dcheripcion llsica ygeologioa <U* la provmeia ilo A lava. Pw* 
T). Ramon Ad.m <1(3 Yam. 18S5. 8 ,J . 

-Deacripeion lihica ygeologloa tie In pro\iw*i« do Zamora, Por I), 

► Gabriel Puig y laima. 1883. 8". 

-(Am ntatorb. 

Obsorvaeiones iiiotPorolot»ie«B. 1HS2 S3, 1881 85. 8°. 

Rchumcn da las obw»rvaeiom*H efoeluadart on la pniiimnlii. 18811. S", 

- . — tiociedad Wspaaola dt ifistm'ia Natural. 

Anales. Tomo XV. 3, XVI, XVII. I, 1880 88. 8". 

- . R eal Academia de Gimeuts 7fa«cfa.\ Fisieas y Naturals. 

Memorias. Tomo XI, XII, XIU. 1, 1887. 4©. 

Rovista do lot. progreHOs do bis cienoiah <• ^actas. Tomo X XT, 7 0, XX H. 

1-4, 1880-87. 8°. 

Anuarto. 1888. 8°. 

Magdeburg. —NatHrieiHsmsch aftlfchcr Vereui. 

Jahresberielit. und Abhandlungcn. 1887.' 8°. 

Das Innerc dor Rrde. Vortmgyon Dr, phfl. lOnml HefnUnmnn am 8. Mai, 
1888. 8«. 

Manchester. —Literary and Philosophical Society. 

Memoirs. Series TIL Vol. X, 1887, 8°. 

Proceedings. Vol. XXV, XXVI, 1885-87. 8<\ 

M arburg.— GesdUehaft zur JBffordet'uvg tier yemmmtrn NatuneisheusehaJ'te)). 

Sitzungsbcrichtc. .Tnhrg. 1880, 1887. 8°. 

Melbourne.— National Museum. 

ProdroimiB of tlie zoology of Victoria. Decade I -XV. 1878 87. 8", 
l/Lwsz.—Aeaddmle. 

Mdmoires. 8* aur. Anndo XJ1I, L883-84. H° 

Mexico.— Observatotio Meteorologies- Magnctko Ontfral. 

Boletin menflucl. Tomo I. 1-5, 1888, 8©, 

- Museo Nacional. 

Analog. Tomo HI. 11, TV. 1,2,1880-88. 4©. 

- Sociedad Cientifica “Antwrio Alzate." 

Momoriaa. Tomo 1.1-5, 8-10,12, 1887-88. 8®. 

- -fioeiedad de Geographic y Mtadtottea. 

Boletin. EpoeaUI. Tomo VI. 4-0, 1887. 8*. 

- JSoeiedad Mexicans de MWorta Natural. 

La noturaleza, Tomo VII, 10-24. 8or. TI. Tomo 1.1 3. 18H(J 88. 4 rt . 
Milano .—Feed Tstituto Lombardo di tfateaze a fallen* 

ttondiconto. Sertoli. Vol. XVIIT, XIX, 1885 80. 8“, 

- Peal Owewatcrlo di Bm'a . 

PubbUcazioni. No. VII. 3, XXVII-XXXII, 1885 87. 4". 

Modena.— Begin Accademia dr/lc fc, /aH ere td Aril, 

Memorte, Tomo XX. 8. Sorle H. Tomo IV. 1885. 4 ft . 

. —B acUitd dei Ncdurdtteti. 

Mcmorie. Ser. III. Vol. V, VI, 1885-87. «©. 

RendlcontL Ser. III. Vol. Ur pp. 1-128,1880. 8©. 

Montpellier.— Acadtmie dee Hdencm et Lettres. 

M&noires. Section des lottros. Tome VtIT. 1,1886-87. 4®. 

-Section des sciences, Tomo X U 1,1885-86. 4°. 

Montreal.— Natw'dl History Society. 

The Canadian record of science. Vol. II. 5, 6,1887. 8°. 

Moscou.— NoeHtd Impdriate des Naturalism, 

Bulletin. Annde 1886, 1887. 8©. 
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Moscow. — SociStc hnpernde dn Nittnrafis/n. 

Meteorologisclu* Beoba<*lilung<*n am Obhervatorium der landwirtb. AknU- 
emie boi Moskau. Jalir. 18S(> ii, 1 SSI i. 4°. 

Mi) nohen.— Kbn. bag*rieche Akadtmic rier Wiesctmdiaftcn. 

Sitzungsberiehfce. riiilospli.-pliilolog. unci histor. Classi*. 1880,1887 Bd. I, 
II. 1-41. 8°. 

-Matlmmnl.-pbysikal. Olassu. 188<», 1887 I toft 1-0. S°. 

-I»linltsvom*ichnisB. 4 alirg. 1870-1885. 8°. 

(iodachlniHrodc auf Joseph v. Fraunhofer. Von Carl Mox v. Bauorn- 
Coind. 1887. 4°, 

GcdacbtniSHrcdc auf Carl Theodor v. Siebolcl. Von Richard Hcrtwig. 
1880. 4®. 

Gedachfcnissrede auf Leopold v. Ranke*. Von W. v. Giesobrocht, 1887. 4°. 
Uobor historlsche Dramen dor Roomer. Festredc von Dr. Karl Meiser. 
1887. 4°. 

Mi’mhTBH .—Wcdfalischcr Provincial-Vcrcin far Wiammihaft and Knnst. 
Jahrcsbericht. XIV, 1885. 8®, 

Die Kunst- mid Geschiohts-Denkmalor dor Proviuz Westfalen. Stiick LT; 
Krcis Wureridorf. 1880. 4°. 

Nancy.— Academic Or Man islax. 

Mdmoires. 5** sdr. Tome IV, 1887. so. 

Napoli.— It. Aceademia dc/lc Scicnze Fixiehe e MaUmntiche. 

Rcdiconto. Anno XXV. 4-13,1880. 1°. 

- Zoolog Uschc Station. 

Mllthellungon. Bd. VII, 1887. 8®. 

Nibuoiiatel.— Soeii'tr 0os Sciences NainreUn. 

Bulletin. Tome XV, 1880. 8°. 

NhwoasTle-upon-Tynje.—7V(»7^ of Mug! and Institute, of A lining mid Mechanical 
Engineer*. 

Transactions, Vol. XXXVI, XXXVII. 1-4, 1880-87. 8®. 

NIruNBEKO -.—Naturh htorhch c (leselhchaft. 

Jahresbcrioht. 1880,1887. 8°. 

Festschrift zur Begrussung des xviii. Kongresscs dor Doufcaehen An- 
thropologbdien Gesollscliafl in Niirnborg, 1887. 8°. 

Odessa.— SoaiMa cles Natural htes do la Nbnuelle Ohmic. 

Zaptski, Tom. XL % XII. 1,1887. 4°. 

Matematichoskoo otdielonio. Tom. VIL, 1880. 8°. 

Ottawa. — Geological and Natural History Survey of Canada. 

Annual report. New series. Vol. I, II, with maps, 1885-80. 8°. 

-— MeUm'ological Service of the Dominion of Canada. 

Report. 1888, 1884. 8®. 

OxvQiw.—ftadclitfe Library. 

Catalogue of books added during 1887. 8°. 

Catalogue of transactions of societies, periodicals and memoirs, 4th. od. 
1887. 8°. 

- JZaddife Observatory. 

Results of astronomical and meteorological observations. Vol. XXX VII t~ 
XLI1, 1880-88. 8®. 

Palermo.— R. Aceademia dt Sciraze, tettere * Belle ArtL 
Atti. Nuova aerie. Vol. IX, 1887. 4®. 

Bullettino. 1886 no. 0; 1887 no, 1-0; 1888 Gennaro, 4°. 

. -Beal Oeservatorio , 

PubbHcazionl. Vol. Ill, 1883-85, 4®. 

Paris.— $cole MrmaU Supdrimre. 

Annales scientifiques. 8 e sdr. Tome I-IV, V. 1-7, 1884-88, 49 t 
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PAiiib .—Ecole Iblytcelin ique. 

Journal. Cahier LVI, LVII, 1880-87. 1°. 

- Observatolrc. 

Rapport annuel 18K7. 4°. 

- 8<k‘i(tt National? d'Acdhnatation. 

Bulletin. 3° sdr. Tome X. 1, 10, 11. 4" my. Tome III. 13, IV . 1, V> 7, 
11, V. 3, 4, 1-15. 1883-88. 8°. 

■■ NoeUW Gtoloylque tie Front*. 

Bulletin. 8* sdr. Tomo XIV. 8, XV. t-8, XVI. 1 3, 188(5 88, 8®. 

- Socldtd Mathnnatlqm tie France* 

Bulletin. Tome XIV. 5, XV, XVI. 1-3,1880-88. 8”. 

Penzance.— Royal Gtological Sockty of Cornwall . 

Transactions. Vol. XX, 1, 3, 1888-88. 8°. 

Pisa.— /SbcieW Toscana di Seimze NaturalI. 

Memorie. Vol. VIII, 1886-87. 8®. 

Process! verbali. Vol. V pp. 118-300, 337 4101, VI pp. 80-00, 1880 88. S'\ 
Pkag. — Kwi. bbhmhcht Qts<Ihchaft thr Wlssoischafh ti , 

Abhandlungen. Folgo VII. Bd. I, 1885-80. 4®. 

Sitzuugsberichte. 1885-1887. 8®. 

JnbroHbericht. 30 Juli 1885, 10 Januar 1880,15 Januar 1887. 8®. 
Geschiehte der kon. bdbra. GohoII. d. Wish. Hammt elner kritivhmi 
Uborsicht ihrer Publicationon uus dom Boreieho dor Philosophic, 
Geschiehte und Hiilologie. Von Joseph Kalousok, UoJ’t. 11. 1885. 8°. 
Bericlit uber die mathomat. und nulurwiss. Publikationen dor kon. bohni. 
Gesell. d. VViss. wahrend Hires himdurtjahrigcu BcHtaudea. Von I>i*. 
F. J. Studnicku. Heft. IL 1885. 8°. 

-if. k. Stermarte. 

Magnetische und meteorologiscbe Boobachtungen. J.ibrg. XLVJ I, 
XLVIII, 1880-87. 4®. 

Puebla be Zaragoza .—Estado <te Puebla. 

Boletin de estadlRtica. Tomo 1.1-44,1887-88. f®. 

Pulkova.— Mcdlai-Hauptetenmartc. 

Jahresbericlit. 1886. 8®. 

Quebec. —Literary and Historical Society* 

Transactions. Vol. V. 1,1862. 8®. 

REGEixsmjiuh^Naturwisserhwhaftlic/ier Vmhi . 

Correspondenz-Blatt. Jalirg. XL, 1886, 8”. 

- HtetorWm' Verein von Obn'pfidz tend Reyembury. 

Vorbandlungcn. Bd. XL, 1886. 8®. 

Biohweo8I>, Surrey.— Km Olmrvatot'y. 

Report of the committee, 1880-87. 8®. 

Riga.— Naturfbrecher Pfcrein. 

Correspondenzblatt. Jalirg. XXX, 1887. 8 U , 

Rio m Janeiro,— Mmen National 

Archives. Vol. V0,1887. 4®. 

ittmA.—JffllioUca Nazbonale Centrals VittQ)'io Km anode, ^ 

Bollettino delle oporo mo do me straulcro acqulstato dalle blhUoUKdu* 
pnbbliche govemative del regno d’Italia. Vol. I. 5,6, Si, 1880-87. 8°. 

. Neale Accademia dei Lincei 

Atti. Ser. XI, Vol. IV, 1375-76. 8®. 

Memorie della classe di sclenze moral!, storiche o fllologicho. Sor. 111. 

Vol. XIL Ser.1V. Vol. I. 1883-86. 4®. 

Memorie della classe di sdernse dsiclio, matematiche o natural!. Ser. IV, 
Vol. X, XI, 1884-85. 4®. 

RendioontL Vol. XJU ii. 1, 2,1XX. I. ii. IV. i. 1-10, 1886-83. 8®, 
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Addition* to the Library. 


Roma. —/hale Com If ah G<olo<jico iP Italia. 

Bolk'llino. Vol. XVII, 1880. 8°. 

- Hocietd Italia na ddlt Helena'. 

Momorlc di maternal iea c di lisioit. Scr. III. Tomo VI, 1887. 4°. 
JloTTKKDAM.— Bataaftst'h QenooUehap tier Pnxfon<t< eelndelljke 117 jslkvperfe. 

Steven Iloogeudijk do stichtcr van hot cerste btoomworkluig in Nodor* 
land. Oodenkredc door don Ingcnicur A. Uuct, 18S7. 1°. 

St. (1 vllkn .—Naturwixsenschaftliche (Jtwllsohajt. 

Boriohi, Juhrg. 1881-80, 1885-80. 8°. 

St. Pmtmiwmjuci .—I fort ns IWropol Manna, 

AcLi. Tom. X. 1, 1887. 8®. 

- Imp. It mss. (koyraf. Obshteludw. 

Otchot. God 1880. 8°. 

Beobuchtungen dor rusb. Polar* tat ion an dor Lemumindung. Theil II, 
1,8,1880-87. 4°. 

Boobnelitungon dor russ. Polorstation auf Nowaja Somlja. Theil II. 
1880. AP. 

- Kah. Akadetnie der Wissensehtften. 

Ropertorium dor Metoorologic. Bd. X ; Supplemcntbd. 11-V, with atlas.; 
1887. 4°. 

- P/iytsikalischcH Centra fobsiervatoriwn. 

Annulon. Juhrg. 1885,1836. 4®. 

Santiago .—Jh atseher wlmnsehafUlc/ur Verein. 

Vorhandlungeu. Heft III-V, 1880-87. 8° 

Sehmtwrixehe uatnrforschcnde Qeselhchaft. 

Vorhandlungeu. Jakresversanimlimg LX IX, LXX, 1880-87. 8°. 
Stockholm .—Mntowoloyisk Worming. 

Entomologisk tidskrift. Arg. VII, VIII, 1880-87. 8©, 

Stuttqaht.— Vcrein far oaterlundhehc Nat ark unde in Wurttembcry. 

Jahreshefte. Jahrg. XLIII, XLIV, 1887-88. 8©. 

Syjdnisvt.— Gom'nment Observatory. 

Results of meteorological observations made in Now South Wales during 
1885. 8©. 

- fAnnean Society of New South Wale*. 

Proceedings. Series XI. Vol. II. 2, 8, 1887, 8°. 

List of the names of contributors to the first series, vol. i-x, 1875-85. 8®. 

- Royal Hockty of New South Jftefe*. 

Journal and proceedings. Vol. XIX-XXI, 1885-87. 8°. 

TAOUftAYA.— Obxervatorio Adronomico Nanonal. 

Anuario. Afio VIII, 1888. 8®. 

TiiHONftnJBM,— Kon. Norsks Vldenskabers Sehkab. 

Skrlfter. 1888,1885. 8©. 

Tivlth.— PhynlcaHsches Observatortum. 

Magnotischo Beobachtungon. 1884-85. 8®. 

Metoorologischo Beobachtungon, 1885-80. 8°. 

TOKYO .—Imperial University of Japan. 

Journal of the college of science, Vol. I, II. 1-8,1887-88. 4°. 

- Selsmologieal Society of Japan. 

Transactions. Vol. X-XII, 1887-88. 8©. 

Torino.— Mwtei di Zoologia ed Anatomia ComparaUt. 

Bollottino. No. 19-25, 38 *42, 4<M8,1887-88. 8©. 

Toronto .—Canadian Institute. 

Proceedings. Ser, III. Vol, IV. 2, V, 1887-88. 

Annual report. 1886-87. 8°. 
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Toulouse.-— Acadnnie tie*. Hcicnecx, fiihrrtpftons et IktUs L< it res, 

Mumoircs. 8" bdr. Tome VIII, 1^8(5. 8°. 

U i*tf ala,— Rtf/ltt Soi'it'ffrx HeUntianm. 

Nova acta. Ser. ill. Vol. XIII. 2, 1887. 4°. 

Utbhoiit.— Non. NtcUrlandwh Mdeorologiseh Instituut. 

Ncderlandsch moteoiologlsdi jaarhock. Juurg. XXVII. 2, XX Will* 
XXXIX, 1878-87. 4®. 

- Pronin dual Wnchtwh GniooMiap run KunUen en \Yetens»h<tpp< h . 

Versing van hot verlumdeldo In do algemeene Yergndormu. ISKO. 8 M . 
Aanteekeningen van het vcrhnndcldo in do boetie-venpuleringen. 1880. 8' *. 
VmnziA.—Istitiito Vrneto di Maw, Uttar ed Arti. 

Atti. Ser. VI. Vol. III. 9, IV, V. 1-9, 1885-87. 8” 

V ioenza., —Aeeudem ia Olimpiea. 

Atti. Vol. XX, 1885. 8®. 

Wellington. —Hew Zi aland Institute. 

Transactions and proccedi ugs. Vol. XIX, 1887. so. 

Wien.—A unt is. Akadnnie tier WlssenM'haftm. 

Sitzungsberichte. Matheinat.-nalurwlbb. OlabM 1 . Ablh. J. B<1. XOI. 5, 
X01I-XCIV, 1885-80. 80. 

——A. A*. Guitral-Anxtalt fur Meteomlogk and JSrdmuynftismM. 

Jnhrbuehor. Noue Folge. XXIL, 1885. 4®. 

- iC. k. geolaykehe HeiehsanstaU. 

Abhandlungen. Bd. XI. 2, XII. 1-4,1880^87. 4°. 

Jahrbuch. Bd. XXXVI. 2-4, XXXVII. 1, 2, 1880-87. 8®. 

Verhandlungen. Jahrg. 1880, No. 5-18, 1880, 1887, No. I -9. 8®. 

- K. k. naturhistorUtches tfqfniummi. 

Annalen. Bd. I, 8, II, III. I, 2,1886-88. 8°. 

- K. k. Sternwarte. 

Annalen. Bd. II-1V, 1884-80. 4 ®. 

-AT. Jr, zoologUch-totanisohc GesdhchuJ't. 

Verhandlungon. Bd. XXXVII, 1887. 8®. 

Wiesbaden .—Nassanisehcr Verein fur Ha lurk unde. 

Jahrbucher. Jahrg. XL, 1887. 8°. 

W0 tizuuit Qt.—&ii/slkidLH<dMMdlcLiit$ch(> (hselUehq/l. 

Sitzungsbcrichfco. Jalirg, 1880, 1887. 8°. 

Z Drwr.—H at urfbnc/wide Gcavlhclmft. 

Viortcljahrsehrift. Jabrg. XXX, XXXI. 1, 2, 1885-80. 8®. 


Keviow of the data for the study of tho pro historic chronology of America. By 
Daniel G. Brinton, M.D. Salem, 1887. 8°, Pmn tfa A nthur. 

Verities In Versos. 2d cd. London, 1887*^8. 8®. 

Copyright and patents for inventions. By It. A. Madia. Kdlnhurgh, 1879 1HH8. 
% v* ®°* fi f nm the Author* 

Evolution of the faunas of the lower Mas. By Alplious Hyatt. Salem, 1888. 8‘». 

Value in classification of the stages of growth and decline, with propositions for 
a new nomenclature. By Alplious Ilyatt. Salem, 1888. 8®. 

From the .1 nthor. 

Campagnes seieiitiflque du yacht mondgasquo VllimMle, a« amide, 1887, Ex¬ 
cursions zoologiques dans les iles dc Fayal et dc San Miguel. Far Jules do 
Guerne. Paris, 1888. 8®, 

Rdsultats des campagnes scieutiflques accoraplies sur son yacht, par S, A. le 
Prince Albert do Monaco. Vol. L Hydrographic et zoologlo. (Programme). 
Monaco, 1888. 4°. Mwn M» JBghmm Prtnct AXb»H qf Monaco. 
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Supplement <1 faunae Coleoptoruni in TraiiBsiHania beiipsit Alexander Oimay* 
Nat> >-S/ebon, 1S88 S°. F>om tfu Author 

Efltndio eritico y eompaiativo do las rei»l.is dc 1>os< arias y do Newton iesparto a] 
mimero ilo ratios <lo las ceuaeionoB numencas. 1 * 01 * Arturo Onsabol. Buenos 
Aires, 1SS0 3°. Front thr Author. 

Heights of (he While Mountains. B\ Edward 0. Picketine, s°, 

<>hw*i sat ions on sariable stats in 1SS(>. Bs Edward (J. PliKoriug. 8 n . 

Font flic 1 nth or. 

Osservn.’/ioni ahtronomiehe e tlsiehe sull’aflse di rolarionc e sullt topoi>rails del 
pianota Marte, fattc nella Beale Speeola di Brera in Milano coll* eqnatoiiale 
dl Mens Memoriaterza did. V. Schiaparelli. Kouui, LHRtf. i°. 

From (ht Author. 




!•—On the Law ok Error in Taroet-Siiootinu. By E. L. 
Deforest, Watertown, Conn. 


Tub complete expression for the symmetrical law of error in the 
position of points in a plane is 



( 1 ) 


where z denotes the probability that an error committed will fall 
within any small rectangle dxdy whose coordinates, at its middle 
point, are x and y . The axes should be taken to coincide with the 
free axes of the group of shot-marks, when these last are regarded 
as the masses of material points all equal to each other. The origin 
is at their centre of gravity, and is the point for which the proba¬ 
bility z is a maximum. (Compare my article in The Analyst , Des 
Moines, Iowa, vol. viii, p. 73.) Though dx and dy are in strictness 
infinitesimals, the formula is evidently approximately true when 
they are regarded as any small finite distances. Points for which z 
is a given quantity will lie in an ellipse, and all such ellipses are 
similar and concentric as long as the constants h % and h 9 remain the 
same. These are determined by the relations 


1 


K= 


i 


>,vv (2> 

where p x and p 9 are the quadratic mean errors in the x and y direc¬ 
tions. If the probability of deviation from the maximum is the 
same in all directions, then 

p’-p’+p^-ip’-ip’ (3) 

is the squared q. m. error measured directly from the origin, and 


A=A,=A 4 =J (4) 

is the constant to be introduced in (l). Denoting x'+y* by r 9 , (1) 
is reduced to 


h dxdy -Wr* 
suss- ~e , 

it 


<*) 


where the ellipses of equal probability have become circles, and the 
axes may be taken in any convenient direction. As this formula is 
Trans. Conn. Acad., Vol. VII. 1 Srpt., 1885. 
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the simplest, it is often adopted in discussing the errors of target - 
shooting. Even when the form (1) is retained, it is robhod of a 
portion of its generality by assuming that the axes of X and Y are 
respectively horizontal and vertical, instead of being coincident with 
the free axes. Although this 'assumption seems to have been uni 
versally made, it has appeared to me to be of doubtful propriety. 
The only reasons T have seen stated for its adoption are, that errors 
caused by the wind are horizontal, while those which depend on the 
range and the force of gravity arc vertical. This takes no account 
of errors produced by other causes, such as defects or peculiarities in 
the weapon, imperfect sighting, and fatigue or nervousness in the 
marksman. These may act obliquely, and so far as we know, are as 
likely to occur in ono direction as another. 

As a result of accident, it will happen in general, that the centre 
of gravity of the shot-marks does not exactly coincide with the true 
point aimed at, namely, the centre of the target. Accidental devia¬ 
tions from the centre of gravity, or from the free axes drawn through 
it, are thus of the nature of residual errors, while such deviations 
from the centre of the target, or from axes drawn through it parallel 
to the former ones, are of the nature of true errors. In any given 
cage, we can compute the amount of probable deviation of the centre 
of gravity from the centre of the target. If the actual deviation 
falls within this amount, or docs not much exceed it, we tnay pre¬ 
sume that it is purely accidental, and shifting the positiou of the 
computed probability surface (1) so as to make its origin coincide 
with the centre of the target while its coordinate axes remain par¬ 
allel to their former positions, we shall have the law of probability 
of error for future shots. But if the actual deviation is far beyond 
the probable amount, it indicates the probable existence of some 
constant causes of error, likely to affect future shots in the same 
way, and the probability surface must not bo shifted, unless wo also 
correct the aim of future shots to correspond with it. 

It will in general happen also, as the result of accident, that an 
actual group of shot-marks will be more elongated in ono direction 
than in the direction at right angles to it, so that one of the squared 
q. m. errors p, 9 p 8 * will bo greater than the other, even when tho 
probability of error is really the same in all directions. The con¬ 
stants h % and A a computed by (2) will thus appear to bo different, 
and the law of error will seem to be as in (1), when it is really of 
the simpler form (5). But here too, in any given case, we can com¬ 
pute the amount of probable difference between p, 9 and p„ fl , suppos- 
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ing it to "be accidental. Then if the actual difference falls within 
this amount, or does not much exceed it, wo may presume that the 
probability of error is really the same in all directions, and that 
formula (5) may be properly used, the axes being taken horizontal 
and vertical, simply because those directions are most convenient. 
On the other hand, if the actual difference between p* and yo a a is 
much in excess of its probable value, we must presume that the ob¬ 
served elongation of the group of shot-marks is due to constant 
causes, likely to have a similar effect on future shots, so that (1) is 
the most suitable formula to express the law of error, and the axes 
assumed should bo the free axes of the group. It has seemed to xne 
that the question whether formula (]) should be used, and if so, 
whether the coordinate axes should be made coincident with the free 
axes, is not a mere matter of opinion, but should be decided by some 
definite test like the above, applied to an extended set of observa¬ 
tions. The most suitable observations for this purpose within my 
reach are those given by Didion at the close of his Cafoul deft Proba¬ 
bilities applique au Tir des Projectiles. Paris, 1858. 

His first tabic gives the positions of 125 shot-marks made by 
spherical bullets, fired from a rifled pistol at 50 metres, under a 
charge of one gramme of powder. The weapon was placed on a 
rest, and aimed at a point 0’430 metres above the centre of the target. 
The positions of the shot-marks were referred to axes taken hori¬ 
zontally and vertically through that centre. The arith. mean of 
their ordinates is the ordinate of their centre of gravity, and the 
arith. mean of their abscissas is its abscissa. We easily find the 
abscissa u and ordinate v of each shot-mark, referred to axes taken 
horizontally and vertically through the centre of gravity, and ex¬ 
pressed in centimeters. The sums of their squares and of their 
products are 

[V] = 44211, 0 3 ] = 55706, [uv] = -6055. 

The angle q> which a free axis makes with the U axis is given by 


tan 2 <p=z 


2 [tw] 

FT-kf 


( 6 ) 


Hence log. tan 2<p='0C140, and 

cpzz 24° ill' or <p = 114° 31'. (7) 

These two values, differing by 90°, represent the inclinations of the 
two free axes of X and Y to the U axis. Denoting them by <p* and 
90°, the coordinates of a shot-mark referred to the free axes 
will be 

x = u cos (p'+ v sin <p\ y=zv cos <p* - u sin cp\ (8) 
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and the sums of their squares are 

[a*®] = [w 9 ] cos* <p'+ [?;*] sin* <// + [m»] sin 2 ep\ ) 
[y*] = [fl*] cos* <p' + [«*] sin* cp'- \ini\ sin 2<//, f 

from which we readily find 

[tff| = 4im [y 9 ] =s 58800. 

The squared q. m. errors are therefore 

= - 332 ' 03 > />.*= n -I = 4 * 4 


(«) 


( 10 ) 


where n is the number of shots. ♦ 

Since the coordinates of the centre of gravity are the arith. means 
of those of the shot-marks, the semi-axes of the ellipse of probable 
error in the position of the centre of gravity are 

«= 1-1 TM-^-sa 1-02, b= l-mt = »•»«. (11) 

-i vn 

(Analyst, viii, p. 11), In the case we are considering, the horizontal 
and vertical coordinates of the centre of the target referred to the 
centre of gravity are 

u = - 02 , o = 8 * 25 , 

and when referred to the X and Y axes they are by (8) 

a?=3*4t, y = 7*50. (12) 

These values compared with a and b in (11) show that the actual dis¬ 
tance of the centre of gravity from the centre of the target is much 
greater than it probably would be if it were purely accidental. 
Hence, to represent the probabilities of error in future shots, the sur¬ 
face (1) should in this instance remain with its vertex at the centre 
of gravity, and not be shifted to the centre of the target, unless the 
aim is corrected at the same time. 

Having thus determined the most probable position of the origin, 
we wish next to know whether the actual difference between /j* and 
p a * is much in excess of what might be expected if it were acci¬ 
dental. Tts probable amount may bo found approximately as fol¬ 
lows. When the q* m. error ? is computed from n observations, the 
probable error of this determination is known to bo 

m ‘v'sr (1,) 

and consequently the probable error of s* will be 
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Therefore, when and p/ are computed as in (10), if the proba¬ 
bility of error in the x and y directions is really the same, the proba¬ 
ble difference between p s and p 2 3 , occurring from accidental causes, 
will be 

Oc 3 

A 3 =*6745 . , (15) 

yn 

or, if we take approximately e*=:b(p*+p s )> 

a , = 5i5 W+m. ( „) 

- yn 

To apply this to the case in hand, we substitute for p s and p a * their 
numerical values as in (10), and so get for the probable difference 

A 8 = 48-64. (17) 

The actual value 

474*24 - 332-03 = 142*21, 

is so much larger that we are obliged to conclude that in this case it 
is probably not an accidental but a real difference, likely to affect the 
distribution of future shots in the same way. Hence (1) is the 
proper formula to use, and the coordinate axes ought to be taken not 
hoiizontally and vertically, but coincident with the free axes of the 
group of shot-marks. 

Didion also gives a table of the positions of the shot-marks made 
by firing a pistol, apparently similar and with equal charge, 250 
times at 100 metres distance, aiming at a point 1 *47 m. above the 
centre of the target. By the same procedure as before, we find 
|V] = 1392560, [v s ] = 1742890, [ uv ] = - 303 930, 

where u and v are expressed in centimetres. The inclinations of the 
free axes to the U axis then are by (6) 

<//= 29° 56', <p'+ 90° = 119° 56', (18) 

and with coordinates referring to these axes we have by (9) 

[as 9 ] = 1218600, [y*] = 1916800, 

so that the squared q. m. errors are by (10) 

p s =z 4894*0, p 9 a = 7698*0. (19) 

The semi-axes of the ellipse of probable error in the position of the 
centre of gravity are by (31) 

a =5*21, 5 = 6*53. (20) 

But the horizontal and vertical coordinates of the centre of the tar¬ 
get are 


u = 1 *72, 


^ = 15*82, 
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which referred to the free axes become 

«• = 0-38, </ = 12-85. (21) 

Comparing these with (20), we soo that the actual distance of the 
centre of gravity from the centre of the target is too great to he 
considered accidental, and we infer as in the former ease, that to rep¬ 
resent the probabilities of future shots, the vertex of the* probability 
surface should remain at the centre of gravity, and not bo changed 
to the centre of the target, unless the aim is also changed. 

The probable difference in this case between p t a and f).‘ is by (10) 

A*= 537*2. (22) 

The actual difference however is 

7098*0 - 4-894*0 = 2804*0, 

a value so much greater that we are obliged to conclude that it is 
probably not accidental. 

This is what might he expected from the results already obtained 
with the same kind of weapon at shorter range. If there is really a 
greater liability to error in one direction than in another, it will nat¬ 
urally show itself at all ranges, with only such differences as might 
occur by accident. The angles which the direction of greatest error 
makes with the X axis at the two ranges here considered 
<p' + 90 °= H4° 31' and <//+ 90°= 119° 50', 
are not very different from each other. 

Didion finally gives the coordinates of the trajectories of 100 can¬ 
non balls tired, under constant charges and angles of elevation, at 
distances of 200, 400 and GOO metres. The heights arc reckoned, 
not from the centre of a target, but from the plane of the platform 
on which the gun-earriag<fstands. By an easy reduction, wo get the 
coordinates u and v referred to axes taken horizontally and vertically 
through the centre of gravity, and expressed in metros. For 200 
metres range, we find 

I y] = 11 ’82, [ w a ] ss 1 G*89, [ t(v] as — 0*1 H, 

aud (6) gives 

<//= 2° 15', r// + 90°= 92° 15'. (28) 

Then by (9), 

11-81, [>*]= 10-40, 

and by (10), 

p*=:- 1198, pfzs-lW. 

The probable difference between p * and p 3 s is by (16) 

A a =-0192. 


(24) 
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The actual difference is greater, being 

• 1657 - -1103 = * 0464 -. 


Wo omit the discussion for the 400 and 000 metro ranges, since the 
shots here are apparently the same as those used at 200 metres, and 
the differences in relative position for the same shot at different 
ranges seem to be largely due to accidental variations in the piojee- 
jectilc or the powder. From the throe series of trials retained, 
namely, two of pistol shots and one of cannon shots, it appears that 
the test requires us to use formula (1), and to make the coordinate 
axes coincide with the free axes. This therefore, it seems to me, 
had better be generally done when accuracy is desired, unless indeed 
our results should hereafter be invalidated by those of other and 
more extended experiments. 

We might also inquire what are the probable values, arising from 
accidental causes, of the cubes of the c. m. inequalities in .r and //, 
when the law of error in either direction is suspected to be unsym- 
metrieal. This question finds an answer in my artiede on the Unsym- 
metrical Probability Curve, Analyst , vol. x, p. 74. See also Trans, 
of the Conn. Academy, vol. vi, part i. For determining a l and # a 
the easiest way will perhaps be to compute the values of |VJ, [V], 
[uS\ and [uu 3 ]. Then from (8) we have 


[y]==|V]cosy 4- [u s ]siny 

4- 3siu^'cos<£/(|Vw]coS£/ 4* [««> s ]sin<7)') 

lyjs^cosy-Mnny 

—3sin <p'cos cos <p f —|Vfl]sin q>') 


W25) 


and a x and a 9 are obtained like a in Analyst , ix, p. 161. For ex¬ 
ample, from the first table hero tried we get 


[w 3 ] ss 322100, 

|> 8 ] = 264700, 

and consequently by (7) and (20) 
[V s ] ss 269207, 

and the cubed inequalities are 


[w*y] = - 9600, 
[m> 3 ] = 37400, 

[y 8 ] = 133301, 


S,' = = 2X53*8, 5,' = = 1060*5. 

n — l n — i 


(26) 


From accidental causes alone, they would probably be something like 

(c,*) = ± -tnstfj /.~=± uis-r, j 

(!,’) = ± *6745i!= ± 2418*1. { 
f n J 


(27). 
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The actual value of K* falls far within the probable amount, ami that 
of ^ does not so much exceed the probable one as to mala* ns oonii- 
dent that it is anything more than accidental. Hut if bulb the ine¬ 
qualities were taken into account, wo should have 

rt, = 2/V~ Vss-30882 ( , 

sz 2p 9 2 -7- ^ 3 *=:*889t34 bjszpfzztf 121 I } 

and the equation of the surface will be of the same form ns in 
formula (34) of* my article in the Transactions. The sub-index of 
the first b x should fall inside the bracket, instead of out Hide as there 
printed. 



n- Extensions of certain Theorems of Ouffoki) and of 

Cayley in the Geometry of n Dimensions. By Eliakim 

Hastings Moore, ju., Denver, Colorado. 

I. General Theorems. 

Clifford, at the beginning of his <c Classification of Loci” (Mathe¬ 
matical Papers, p. 305-331), proves the following theorems : 

A. Every proper curve ot the n []l order is in a flat space of n 
dimensions or less. 

B. A curve of order n in flat space of h dimensions (and no less) 

may be represented, point for point, on a curve of order 2 in 

a plane, whence 

C. A curve of order n in flat space of n dimensions (and no less) is 
always unicursal. 

These theorems may be extended. Clifford’s nomenclature* and 
methods of proof are adhered to throughout. 

* For the convenience of the reader who may not have at hand a copy of Clifford’s 
Mathematical Papers, the definitions (p. 305-6) are Riven here. 

“ By a curve we mean a continuous one-dimensional aggregate of any sort of ele¬ 
ments, and therefore not merely a curve in the ordinary geometrical sense, but also a 
singly infinite system of curves, surfaces, complexes, <fcc., such that one condition is 
sufficient to determine a finite number of them. The elements may be regarded as 
determined by ft coordinates; and then, if these be connected by A—1 equations of any 
order) the curve is either the whole aggregate of common solutions of these equations, 
or, when this breaks up into algebraically distinct parts, the curve is one of these 
parts. It is thus convenient to omploy still further the language of geometry, and to 
speak of such a curve as the complete or partial intersection of ft— 1 loci in flat space 
of ft dimensions, or, as we shall sometimes say, in a Mat. I£ a certain number, say 
A, of the equations are linear, it is evidently possible by a linear transformation to 
make theso equations equate h of the coordinates to zero; it is then couvenient to 
leave these coordinates out of consideration altogether, and only to regard the remain¬ 
ing 7c— ft—I equations between ft—ft coordinates. In this case the curve will, therefore, 
be regarded as a curve in a flat space of ft—ft dimensions. And, in general, when we 
speak of a curve as in flat space of ft dimensions, we mean that it cannot exist in flat 
space of ft—1 dimensions. 

* * * By a surface we shall mean, in goneral, a continuous two-dimensional 
aggregate (which may also be called a two-spread or two-way locus) of any elements 
whatever, curves, surfaces, complexes, &c,, defined by the whole or a portion of the 
system of solutions of ft—2 equations among ft coordinates. We shall assume that 
none of these equations are linear, and then shall speak of the surface as in a flat 

Trans. Conn. Acad., Yon. VIT. 2 Sept., 1885. 
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TnrsoirwM A. Every proper reread of the n" ord<v is in a flat 
spare of n + r— 1 dimensions or less. 

For through n + \ points of tho r-spiead wo can draw an it fiat, 
R n ; this moots tho ^spread S, in a number of points great ei than 
its order, and, thoroforo, contains a curve, or 1-spread 8, oi tho 
r spread 8,. 

An (* + l)fliit R, h drawn through this n4 hit li n and an ovtonial 
point ol tho r-sproad S,, lor a similar reason, contains a 2-sproad 8 
of the y-sproad S f . 

Thus, finally, there is reached tin (w+r—l)flat U H \ i, which 
completely contains the r-spread 8 r . 

An r-spread of older n, say 8, „ *, may lie in a flat space of X* 
dimensions, where hS n+r— 1 ; when kzzn + >’— 1, the S, t , , (| , , may 
bo called a full skew r-spread of order it. 

Theorem B. An r -spread of order n in a flat span of l dimen¬ 
sions {and no less), say S 1>n> k , may he represented, point for point , on 
an x-spread of order n—k-J-r+1 in an (vfl)fat 9 8,,,, M , j, , ^. 

Join P, an arbitiary fixed point, to Q, a vaiiahie point, both being on 
the ^-spread; tho resulting (r+l)Hprcad 8 >+1 is of tlie order n — 1 ; 
for a (&■—r)flat through P meets the r-spread 8, elsewhere in 

w—1 points Q, and, therelore, meets the S )+1 in the n-~ i lines PQ, 
i. e., m a curve of order 1. Each lino PQ meets a fixed (A # — 1 )flat 
R; ! in a point Q' corresponding to Q; tho (r+l)spread 8 Jfl meets 
the fixed fiat R* * in an r spread of order n— 1. Tho ^-spread of the 
/«* order in &-flat 8 >#M is thus projected into one of order w—l in 
a (/$—3)flat, S r , n -i, 4 -t« A second projection from an arbitrary 
point upon a fixed (&— 2)flat R A „ 2 gives an r-sproad of order //*— 
in a (h —2) flat, 

Thus, finally, after k—r+i successive projections tho original 
8 r ,n, I is represented, point for point, on an ^spread of order 
n~k+ r + 1 in an (r+l)flat, 8,, tt . 

But the result may bo reached at once* Through any k -r+l 
fixed points P of the ^spread and a variable point Q pass o 
(&~r+l)flat cutting a fixed (r+l)fiat R f+I , in a point Q' 

corresponding to Q. Thus the is represented, point for point, 

space of h dimensions. We shall m certain cases go farther, and speak of an A-spread 
or A-way locus, viz: a locus determined by the whole or an alg ebraically separate 
portion of the system of solutions of A—A equations among h coordinates; if none of 
these equations are linear, the A-way locus will be said to be in A dimensions.” 

A proper curve or spread is one which does not break up into two or more alge¬ 
braically distinct parts 
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oa an spread in the (>4-l)flat, S, j( „^ h+1)i )+1 , the order of which is 
since a (A—r)flat R, , through the k-r+\ fixed points 
P meets the r-spread S,, n}/ in m—/ r+r-f-1 additional points Q which 
correspond to the w —A+f+l points in which the line of inter¬ 
section of the R/_, with the fi^ed li rH meets the projected r-spread 
# 11 - 

Tiiborem 0. A quadric r-sproad is in an (r-f-1 )flat, and is Mntntmrf y 
its points having (e.g., by projection from a point on it) a one-one cor¬ 
respondence with those of an r-flat R r . Hence, a full skew r-spread 
of order n, „ is always unicursal , since, by theorem B, it may 

be represented on an r-spread of orderA+r+l=2 in an (?•+ l)flat. 
Not only so, but every flat section of a full skew r-spread is itself a 
full skew spread, and, therefore, unicursal For an 5-flat R t cuts a 
full skew S„ M (4+I _ I+H) in an 

S, + , *,«, s =S t ,, which is full skew, 
since A'+I:=/-ha', 

i. i\, 5+ l=(r-|-s-/«’)-|-n, using the given 

relation, A-f- 1= r -f n . 

II. Full Skew Two-Spreads. 

1. The abbildung-system. 

The full skew two-spread of order m in R^+i, is tmicur- 

sal; the curve of intersection with any m-flat R m , S hmtm is also 
unicursal (I, C) ; an R m „ t , the intersection of two R w , and so the axis 
of a pencil of R,„, meets the two-spread in m points (tn being the 
order of the spread); further, in the R m+1 , the all-including flat, 
there are qo w+1 m-flats R m , i. e., wi+2 asyzygetic R m . Hence, 
there is a representation or Abbildung of the S S|W , ^, point for 
point, on a plane y x y % y* to an Resection corresponds a uni- 
carsal curve, say of order n s to the m points of intersection of 
an R*.! correspond m points of intersection of a pencil of curves 
<t H ; the Abbildung of the (wi-f l)ply infinite system of R m -inter- 
soctions S hm , m is the system of curves <$,% (w+l)ply infinite or lin¬ 
early derivable from m+2 asyzygetie curves of the system, all of 
which are unicursal and have the equivalent of n 2 -?n common 
points of intersection, say base-points of the system. A Cremona 
transformation may be found which will change an abbildung-system 
of the spread S a , m , *+i into any other abbildung-system ® w ' of the 
same spread, since there is a one-one correspondence between the 
points of the two coincident planes $ s containing the two ^boild- 
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ung-systenib. There is, therefoie, no loss of generality in assuming 
as the al>bihlung-systc*m, the system of eutves <t* having as base- 
points an (//i—l)ple pi. di) and m -1 othci points, jj,, . . . p Ml ,: 
the conditions given above me satisfied by this system; lot the curves 
are unieursal; the asy/ygetic number is Hat | I— w — !=w | 2; the 
base-points are equivalent to 

(m— 1) ’+(^ —1) ~/w(w— 1) ~ 0/ —JJtXSH Hi 

common points ol intersection. 

This ahbildung-system may be simplified. Transform the plane 
^ by a quadric ti an s form at ion, having 0l\ p w i and p m , as fun¬ 
damental points. 

A curve of older ///, passing through the two fundamental 

points ,, and having an (w —l)plept at <®, the third fun¬ 

damental point, and passing through m —;i lived points p, .. . 
is transformed into a curve <ff' ol order w—l.=2, />/—(?/<— 1 H4-1), 
having an (m—2)ple pt. at ®, (since the line |1„ , $) , meets the <f w 
in m —2 additional pts.), passing through the 3 fixed points 
I!',. . . corresponding to the pts. p t . , . |1, H , and not pass¬ 
ing through r|.J f (since the line ®>%) m i ,] does not 

meet the except in <® and $) w _ [<# and p„ ,|). 

Thus such a quadric transformation reduces by unity the order ol 
the curves of the abbildung-system, and deletes two of the base- 
points. By r such quadric transformations, the abbildung-system of 
curves ® m , with an (w— l)ple point, and m —1 other points |), as 
base-points, is changed into a system of curves ’ with dl), an 
(m—r — l)ple point, and m-l-Vr other points $), as base-points. 
The simplest abhildung-systems arc, evidently, 

(a) m even=2r=m / —1 *\ith <® ns w'plo point 

and through one pt. % 

(b) m odds=2»? # +l, r=sw/. ® , " M] with # as w f ple point. 

2. The canonical form of the equations of the , 

Let the X 4 (s=i,.,, w-M) be the homogeneous coordinates in 
R m+l and the y, (a=l, 2, 3) bo the homogeneous coordinates in JR ; . 

(a) meven=2wi'. « is ?/,, ^,y,=0, 0,1; & is y u ?/ 8 ,y t =l, 0, 0. 

By the simplified abbildung-system sot 


X.iX.rX*:. 

. * ... I jl X tH *! X^fcj.j! 

X^i+ai X m#+4 :.. . 

m+1 n +2 

. 

• • -J/^yr 

yi[y”'-y”'~'yi-yi’' l '~'‘yt-- . ... 
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Setting ;*/ 2 =fy/, ami y.~*iy 2 , this becomes 
X,: X a : X,-; . •. X w/ _ j. X fM# . X /W ,|_i. X w >_j_ t >. X w# _|_;.. . . X w ^_i. X )t) |, , 
.: r # ~*:r' 1 :r': */ (1: *5:.: r' 1 : 

whence the plexus of equations 

x, > Xji, X .X vl i i , X 7/lf j j X, H i {j ,.x„ H 

Xt» , X;;,.X Wl | 5 X wlf+1 , X, Jt |pj , X m ^| ,.X OT ^.l »*X ;w ^ 

(h) m o<hl=2m"4-1. ® is ?/,, ^ a , y s =0 a 0, 1. 

In accordance with the simplified abbildung-system, set 

X l 1X^X3: . . . ..« X^X^: 

X JMf# j..jr X OT „i|; X mW ±.r,t •..; i: 

m+i 


i/r^^/A-j/r'' V : - • * * 

[//r * 


* : V\ y™” : y\y* ni,Jrlm ' 
•yxy* m "- l -y\y* n ], 

or, sotting y,=fy/i ai1 ^ 

X,:X.jtX 3 : .... rXpt,, ^ ^jX ^/,1 a i .... iX^^X ^.^:1 

lit: f if: _ :t m ":t m " +l :u [\:t:f :.. . . iT"- 1 :?”'']; 

whence the plexus of equations 

|x„ X 2 , X ;{ ,..... X m „ +l , X m//+ «, , X ot//+6 ,.X „ +1 

X 2 , X 3 ,.... X m „ +1 , X m##+2 , X,4-4 > X^r/^.5..X^j, x m+2 | 


=0 


In each case the canonical form exhibits the S a>Jtt>w+1 as the locus 
of the lino of intersection of corresponding m-flats R TO o£ m projective 
pencils of R m ; X 2 —-tfX^O, X 3 —tfX 2 =rO, &c. 

In fact, these right lines on and ruling the So,. A>m+1 correspond to the 
right lines on the plane $l 2 through the multiple point <©; y%—ty ,=0 
is met by a C TOl+1 or C m " +1 (which corresponds to an Resection of 
in only one point. 


A full skew” curve O of order ^ corresponds- to the point ®. 
» is (0, 0,1); or ao, $ indeterminate; and, therefore, ® corresponds 


(^ 5 ) to Xi—X 2 = .... = X^,^.! ~0 
(5) to X 1 z=X 2 = ..«. =X m „ +8 =0 


X m j^-5 , X W ,^. R , . 
X^^a....... 

%-tnn- j -3 > X,/e/-H> , 
Xmff+4 5 *. 


. 

Xct-J- 1 , Xp^y 

.X*+: 



or the (unicursal) curve 


m . 

- in an 
m* 


m 

M - 


‘flat. 


Cf. Clifford, p. 310. 


(a) A line A corresponds to the point g.. For ^ is (1, 0, 0); or 
u indeterminate, $=0; and, therefore,^. corresponds to 

Xy^Xg—.Xpn^.3=X^^ —.=X m+2 =0, 

m m-flats R w in R**., intersect in R l? a right line. 
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A point corresponds to the line (j|)2^, viz: the intersection of the 
full-skew curve 0 and the line A. j/^0 ; or n=- a 5 ~ 0 ; 

\ t ^.— i —I • * ■ • * 

3 . Tangi ni and meutating fats. 

On the two-spread let <2 be a point and (1 a curve passing 
through <2; there are at (2 a tangent line B lt and osculating 

2 Hat R>, osculating R $ . . . It, to the curve 0 , determined by 2, 

3 . ., (i+1) consecutiye points ((2 included) of the eurvo; the oseu- 
lating tf-flat II, meets the curve* 0 in #4-1 points at. 1 \ The tangent 
plane R a at Q to the two-spread is the locus of tangent lines R t to 
all curves C through ( 2 ; every w-llat 11 * through this tangent plane 
R a meets the spread in a curve having a double-pt. at < 2 . 

Suppose there were an s*flat R a Hitch that every R m through it met 
the two-spread in a curve having a (tf +1 )plo pt at. Q. Take any 
curve C through the point V ; every R m through the I£ a meets the 
curve C in 1 points at Q, and, therefore, contains the osculating 
R, to C at Q; hence the It, contains t.he osculating Mbits It to all 
curves C through (2, or say it meets the two-spread at t consecutive 
points in every direction from Q. 

In the case of this fall skew two-spread it will he shown that at 
every pt Q there is an osculating 14 , containing the osculating 
R 4 to every curve through Q; but probably for the general 
two-spread in any number of dimensions, 14 5 (2^/*, of course). 

Considerations from the abbildungsystem. 

The general abbildung-systom (of. gl) of curves <ff m has as baso-pts. 
the (m — l)ple pt #, and the m — 1 pts, jjj; there are m+2 asyzygo- 
tic curves of the system. Consider those curves of the system which 
have a ($+l)plo pt. at <1, say <([. w these correspond to the 

Resections of the two spread which have a (tf-h l)ple pt at (J. Much 
a curve € n (^ <+1 ) includes the line Ofidf) t times, and, besides, a sup¬ 
plementary curve $ w * (dj), passing through Q and the pt«. $) 

and having an ljple pt at 0 . For say the curve (0J!' +1 ) 

includes the line <®^ x times, and, therefore, also a supplementary 
curve & m ~* ((f* 2 -*) with (fl+l—«r)ple pt at <S|) and (m — .15—l)plc 
point at <®; the line &(§ meets the supplementary curves in 
(m—os—-1) + (^ 4 -1-4-— 205 pis. and will be again thrown 
if 05 <*n-M— 2 or, i. e., if x<^t. The asyzygotic number for the 
system of supplementary curves € m ~ i is ( 2 m—- 27 + 1——1 sk) 

w—2$+1- lienee there arc w—2<f+1 asyzygetio wi-flats mooting 



K JI. Moore, jr.—Theorems of (Uijford <tmf Cayley. 


15 


the two-spread in curves will) Q as (0 + l)ple pt.; those I? wl in the all- 
including flat R^ meet in an (m + 1) —(w—20+l)=2Mlat R a _ 
which is the osculating 20-llat at <i, which includes the osculating 
0-flat R f at Q to every curve through Q; i. e., which moots the two- 
spread at 0 consecutive points in every direction from Q; i. e., which 
contains the osculating 2(0—l)flats at all points immediately 
adjacent to Q. 

What is the locus of osculating 20-flats at points Q along a genera¬ 
tor r of the two-spread f 

If a curve degenerates into ®(if, say the line r, taken £+1 
times and a supplementary curve (<'*“' 1 (0*) as w?—0—2pie pt. and 
through the m—1 pts. $) the lt w cutting the two-spread in the 
corresponding section will contain the osculating 20-flat at every 
point Q along the generator r. The asyzygetic number for the 
system of supplementary curves is (2m—20—1)—(/>/—1)= 

jm—20 . Hence there are m—20 asyzygetic m-flat$ R w 'meeting the 
two-spread in the generator r taken (0 + 1) times; these in the Ii ml , 
meet in an (m+1)—(m—20)=(20+l)flat B |f|b say the osculating 
R<a + i along r <fl the (0+l)ple generator r, which is the locus of the 
osculating R& at the points Q along the generator r. 

The equations of the osculating flats; the orders of the spreads 
they generate. 

( a) m even = 2m'. Of. §2, the simplified abbilduug-system; the 
equations in 0. 

The equations correspond to m—20 asyzygetic curves (IF*' 11 includ¬ 
ing the line r 0+1 times; and to the one other asyzygetic curve of 
the system including the line r t times and passing through the 
point Q = rv. 

0=0. Rj, the line r. 

tXj *—■X a =0 ? fXmt | •{■—X m # | { =0j 
tX 8 —— 0j rX mt | i=0 5 

« • 

« * 

fl”0) rX m( i—X m|a =0. 

2 m'(— tn) R rt meeting in R,, the line r. 

The additional R m , uX,—X m , (8 =0, determines the point tv on the 
line t. 
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tel. U a , the osculating R VH , along 7* 11 , the locus of tan¬ 
gent planes of points v along the lino r. 


r«X t 

-2 rX, + X, =0, 

Km* |j—2rX m#J 

1 X tJ , j1 

<», 

r’X, 

—2rX, +X 4 =«, 


t 1 X »# 

«», 


—2rX m) +X m ,| i=0, 

t*X m —2r\ f/ »|j 

+ “ 



2(m'—l)=w?— 

•2 R w mooting in H, 

• 



The additional R^, t^rX,—XJ—• (rX WMi —X ttf|) )aO, detouninos 
the tangent plane R^ at the point tv. 

And so, in general, the law of foiraation is clear. 

The osculating R*,, along r' M , the locus of the osculating 


R a of points v along the line r. 

The equations nuy he written 

X^r-X'^’ssO, 

X™" (r-X'J'i'sO, 

X^t-X^'^O, 

X“'"(r-X , ) <l '■=(), 

X“'~'(t—X 1 )' 1 ‘=0, 

X“ r|, (r—X') 1 '‘ssO; 


where, after the binomial expansion and multiplication by the exter¬ 
nal factor, the exponents of the X are to bo exchanged foi corres¬ 
ponding subscripts; X* is to be changed to X, „ 

$)=m~ 2 t R* meeting in 15 * 1 1 . 

The additional R w , (t;X l —X m,|J ) (r—X l )'=0 (the exponents be¬ 
coming subscripts, as above), determines the osculating ttMlat R, at 
the point tv. 

The osculating R^ along r* lies in the osculating H. m along 
r* 1 ; the two R*, X^r-X^teO, X^r-X’)'^), with the m ~ 2 t 
equas. of the R» tl written above are easily soon to bo equivalent to 
the m—2 ($~1) equations of the R^, 

X J (r—X*)teO X" t ' i (r~ : X') t zzO 

4 II 

X” w|! (r-r)'=0 X“ ,N (r—X')'=(). 

Thus the equations show that tho singly infinite system ol oseulat* 
ing 2 {-flats R a at points v along the generator r lie in the oscu¬ 
lating (2«+l)flat Rj,,., along r HI ; and, at the same timo, form a 
pencil of R» in the R K+1 having as an curie the osculating (2$—l) 
flat Ra_i along t‘; and the osculating flats of tho penoil are homo » 
graphic * with their points of osculation along the generator r. 

Compare the well known theorem: Salmon; Geometry of Three 

* The only equation iatrodnoing v is bnm in v. 
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Dimensions, § 459 ; “the anharmonic ratio of four tangent planes 
passing through a generator of a ruled surface is equal to that of 
their four points of contact.” 

(h) m odd = + 

There is one more equation in each case from the first group of 
coordinates, X t t „ +2 , than from the second group, . . 
X* +a ; the v equation is of exactly the same nature; the conclusions 
stated above hold equally for m odd or even. 

As the line r generates the two-spread S v „ iM+ i the osculating 
Rjsh-i along r t+1 generates a (2£-f 2)spread of order (t + 1) (w—2£) 

Let the ?n—2£ asyzygetic R, tt determining R**, in terms of r be 
A m> A w _,, .... A w ; the A involve r to the power £+1; let 
A MfS , A„^ lt99 . . . A 2<+1> ,, be what the A become when the coordi¬ 
nates of a point P, in the (m+ l)flat are substituted for the current 
coordinates. The (2£+2) spread is met by an (m—2£-~l)flat in say 
x points P,; any point in the (m—2£—l)flat may be given in terms 
of m — 2£ asyzygetic points P m . . . . P^i; 

say P,~^ W Pm-i •"(“ • • • + » 

* i. e., . . . ^A^ a Xi >w , etc. 

Substituting the coordinates of P, in the A r , and eliminating 
from the m-2£ A r ,, the m— 2£ X which enter homogeneously in 
the first degree, we have the determinant of the order m—2£ 

■A», A ''•m, m—I j —0, 

■A-w-l ,»9 • • Aw+j,^ 


an equation of degree (£+l)(wi~2£) in r; for each value of r, there 
is one set of values of the A, one point P f . Henoe the order of the 
(2£4*2)spread, the locus of osculating R^, is 2£), as 

stated. Through a point P, an osculating R^+i along r r+1 may he 
drawn; this contains the osculating R^i along r*; the R a< joining 
the point P, with this R^ is the osculating R a < at some point v of 
the line r. This may be expressed thus; through an may 

be passed (£+l)(m—2£) m-flats R w which meet the spread in a 
(H~l)ple line r; and (£+l)(m-2£) (m— 1)fiats R*_j which meet 
the spread in a (£+l)ple point m 
TrajMs. Oonn. Acad., Vol. YII. 3 Sept., 1885. 
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(a) m even = 2m'. The simplified abbildung-syslem; £ I. 

C OT#H may degenerate into the line r taken at 1 limes, and a line 
through for this the limiting ease tern' -1. 

The (2tf+2)spread, locus of osculating R,,, along r' M is of order 
($-|-l)(m—2£). But the (m—2#)spread, locus of osculating R , , 
along r m ' is also of order 

(m' ~ t){m —2m ' -1 - J )=r(H l )(in - 2f). 

For instance, fa0; the two-spread locus of lines R, (i. e., the orig¬ 
inal two-spread) is of order w; and, also, the w-sprend lo<*us of oscu¬ 
lating R M a along T m ' is of order w* 

Thus, when m is even, the orders of the (2f | 2)sproad for te/ l? 
tetf 2 , are equal, if jf 1 +rp=m r —1. 

(b) m odd s= 

since the curve 1 in the limiting case degenerates into 
the line r taken l times. 

For tew/ the order of the (2f-}-2) =: 2w/+• 2=s (m I l)s|>read is 
2m f )jssw/+l; i. <\, through eturi/ point R tti v , „ of 
R^, may be passed m *+1 R w meeting the 2-spread in an (w/ {- l)ple 
line r. 

There is no symmetry analogous to that for m even. 

4 . Curves on the tm-spread. 

(B) modd = 2w/+l. 

The abbildung-aystem, ® M " +1 having 4) as m'-ple pt. 

Let us denote the unique curve of order m* in an ///-flat corre¬ 
sponding to $ by 0 ; and the right lines of the spread by r. A 
curve on the spread of ordor p, meeting the unique curve 0 in q 
points and evei*y line r in r points may be written (!' (0*r’). 

A curve on the abbildung plane ®*(#') ot the order a with a (-pin 
point at <SD is mot by a curve of the system ® M,IH in | \)~»t,M n 
points and by any lipe r in s~t points; therefore, it corresponds to a 
curve on the spread of order *(w/f l)— tm\ which meets the unique 
curve 0 in t points, and every line r in (h points, say 
QWHrV-t*" (O^r* % 

So a curve ®* transforms into O l<MM H) m " ((Vr* '). 

A curve C? ( 0 *), of order p, meeting the curve 0 in q pts., must have 

p>q and p=q (mod. m*+l ); say pszs(m ff + 1) -hn\ 

qzzt, 

a(w/-{-1) — tm ff z=zp. ($ 2 : if). 

s=l, fc=l,i>=l. A line r on corresponds to a line r on the spread, 
tea, p=z$ t $ lines r correspond to a linos r„ 
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11**0$, ^wZ+l; w'liich shows that the curve O of order m” is 
loiiyne, since it is the only curve of so low ail order on the two-spread 
(the lines r excepted). 

Curves on the two-spread and in Hats of less than m-|- 1 =: 2 m* 4 ~- 
dimonsions are full skew curves. Such a curve is an R Wk -interseetion 
or a part of an 1 ^-intersection; therefore, its ahbildung is a curve 
C'(<lD ’); any s lines r belong to the supplementary system, 

of which the asyzygctic number is m*-p2 —a; therefore, w"-}-2 — s 
asyzygetic meet in an R w „ + , in which the curve 0*< m ' ,41) 
lies. A curve C wl " 4s in R m „,. is a full skew curve. (I; theorem C.) 

The general plane curve <£’ ($=0; not through (§) corresponds to 
a O'* 1 ""*" which does not meet the unique curve. Tho^/tzne is a full 
skew 2-sprcad S 2>1>2 (w:s:2w?*+l=l, m*=0). All the geometry of 
plane curves depending upon intersections and tangencies and the 
order of curves is immediately applicable to the general full skew 
two-spread of odd order ?a= 2 m /!f +^> the curves C ,(w, * +1) on the two- 
spread corresponding completely to the curves C* of the plane. A 
curve C*”" 40 '""'(O') meeting the unique curve 0 t times is a par¬ 
ticular case of C® 0 *" 40 , and in fact plays the same r 61 e as a C <(m " 4l> 
having a $-ple point. A few examples are given. 

There is a double infinity of curves C m " 41 ; two meet in one point; 
one is determined by two points; they correspond to the lines & 1 of 
the plane. A line r together with the unique curve O is a special 
case of a curve C w " 41 . Five points determine a curve C 2(WI " 41) ; which 
corresponds to a conic <E S of the plane. 

Pascal’s theorem becomes: 

If six points P l .. P° lie on a curve C 2<ml,+1) the three points of 
intersection of the two curves C m " 41 joining P 1 ?*, P 4 ?*; P 3 P, 
P 8 P ft ; P fi F, P*P l , respectively, lie on another curve 

To a curve (OV*-*) there are s(s - 1) — t ($-f-1) = 

(«+$)($-—$—1) tangent lines r, and $($- 1)—$($~l )=(«—$) 1) 

tangent curves C ro " !l in a pencil through a point P.* 

An wz-spread of order P meets the 2-spread in a curve meeting 
the unique curve 0 m ff P times, and every line r in P points; 
, •. C w/ = C ti!w "i l)P (O m,tI> T p ) m 5 =K+ 1 )P, fcswi'P. Toanw-spread 
of order Pin there are ?wP(P—1) tangent linos lying 

entirely on the S 2}rB;ffH ,. 

Two curves C (O'r®-*), 0 (OV^'), meet in $$'-$$' points; in particu¬ 
lar, two curves 0(O’r 4 ”*) meet in a 2 — t* points; one is determined by 

* These formula* are similar to some given by Ohasles, Comples Rmdus, 1861; cf. 
the following (a). 
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points. Ilenco two curves 0(<>'r yf ) tlmmgh 
J{«(j9+3)—/($+]) | — 1 points determine a pencil of such cuivcs 
through these anti ■£{$($— 3 )—$($-~l){ (-1 additional points 

(a) m oven =s 2m', The simplified abbildung-systom, <O h having 
0 as *rt'-ple point and g as an ordinary point* 

Curves of oidei ;>-M having df) as p pie pl M through 

g, correspond to full skew curves of order m r +p\ those aie the only 
curves on the spread in a tiat of less than ///-f-1 dimensions, Tho 
proof is like that of (b) for m odd. 

In particular:—A line yi—ry x =0 through 0 corresponds to a 
line r ou the spread (§ 2); two linos r do not meet. A line {’through 
g corresponds to a full skew curve v of order m* on the spicad; two 
curves v do not meet. Through every point on the spread pass one 
line r and one curve C w ', v ; a line r and a curve v meet in one point. 

# corresponds to a cxirve O of order in\ meeting o\ciy line r. 

g corresponds to a line A of order m', meeting every curve ik 

The curve O meets the line A in a point OA. (§ 2.) 

In fact, the curve 0 , the line A, the point OA in no way differ from 
an ordinary curve t>, line r, point tv of the spread. 

Observe that a curve (dig.*) of order s (having (> a tf-plo and A 
an w-ple point), corresponds to a curve O c ' v) (t n *v '*) of order 
(s—£)?»'-|-(s— u) meeting every line r in t points and every curve 
v in &— u points: it passes 1-~u times through the point OA and 
meets the line A elsewhere in u points, the curve 0 elsewhere in t 
points; (.*. in all, it meets tho line A in s~t points, the curve 0 in 
s—u points). 

A curve °) with an (a—«)plo point at 

say <| corresponds to a curve C (l $)mt 1 (r* # t/-*) with an (a-w-w/)- 
plo point at Q. Thus tho order and character of intersection with 
the lines r and curves v and tho */)plo point are exactly tho 
same. The asyaiygetic numbers are equal; as shown by the follow¬ 
ing equality (where vzzs-t—u ,#'=#+ w=2^—«,te a, m'sss t), 

(s+l)(s +2)~t (t +l)~u (u +1) 

==(*'+!)($'+ 2) -t'tf + tf—u’fy' +1) - v(ti 4-1) 

ff)v 

The statement above is justified, and it is therefore proper to con¬ 
sider only curves which have no especial relation to the point OA; 
i. e., in the abbildung-plane, only curves (0'g*) where fcf-f u. 

The spread is ruled with the lines r (§2); and also with the curves 
v> O'* The curves v correspond to y?~ t^ s =aO; the (w'+2)spread 
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5 .-^Cn|l --0 

! X m ,1,, X*,j .. X m{ ,, X m ,«, 

is out in tlie curves v by w'-flats, the intersection of corresponding 
H w in the >u' + l projective pencils of m-flats R m , 

7j\ 2 =0 ..... X W(S ~ V\ mtf j=0. 

A curve iff* 1 u ( 0 Q U ) corresponds to a curve C Mm ' 11 (r'V) of order nm! 4 -1 
meeting each line r in u points, each curve v in t points. 

Since the number of intersections of curves on the two-spread with 
the lines r, the curves v and with each other, and all intersection- and 
tangency-properties, depend only on the abbildung-curves, it is clear 
that there is a complete correspondence between the curves on a two- 
spread of even order and those on an ordinary hyperboloid 

or quadric (m'= 1); the two systems of ruling curves, the lines r and 
the curves v of order m\ answer to the two systems of generators on 
the quadric (only, in the latter case, the two systems being of the 
same order are indistinguishable). Hence many of ChUsles 9 results 
(Comptes Ren dm, liii, 1861 ) concerning “Proprifitos g6n<Sralcs des 
courbes gauches trac6es sur l’hyperboloide n apply in this more 
general case; for example: 

A curve 0"* 1 *(rV) is determined by to+(£-f-w) points. 

Two curves O ttwHI (rV), C v "*'' H '(r*'v t '), meet in tu'+uf points. 

All curves C“ w ' m (tV) going through tu+{t+u)~ 1 fixed points 
form a pencil passing through tu — (t+u) +1 other fixed points; 
since any two meet iu 2 tu points. 

To a curve C“ wM< (rV) 2 t(u— 1) lines r are tangent. 

2 u{t —1) curves v are tangent. 

2 tu curves C m ' 1,1 ( r*v ') of a pencil through a 
pt. P are tangents. 

These numbers are easily derived by considering the correspond¬ 
ing abbildung-curves. 

The curve O m,+ ' (tV) corresponds to a curve 0 “ H (rV) on an 
ordinary quadric; on the quadric there is no distinction between the 
curves O 4- *(rV), C tt,< (t*v u ) ; l e., two curves of the same order t-hu, 
which meet the generators of one system r in J points, and those of 
the other system v in l points. If, then, there is a theorem about 
curves of order u f mlA-t 9 (r=l, 2,.. S') meeting the lines r in u r pts. 
and the curves v in % pts., the same theorem will be true about cor¬ 
responding curves of order t r m f -\-u r meeting the lines r iu l r pts. and 
the curves v in % pts. 

A curve C p (rV) must have Pzzmi'+t, 
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An m-sprcad of order P intersects the 2-spread in a curve ol order 
mP=z 2 m r P, meeting the linen r in nzz P points, ami (he curves ?»in 
te m'P points; say ~ 

2#(m— 1 )=2 w' /*(/'-1 )=i#i /'(/'- I) 
lines r are tangent to this curve. 

There are mP(P~~ l) lines r lying entirely on the two-spread 
a»d tangent to an w-spread of order /** (in o<hI 

or even; of. § 4 , b). 

The curves on a lull skew two-spread of oven order, then, 

have an exact correspondence with those on an ordinary <juadrie, 
m=2; those on a full skew two-spread of odd order, m=z'lm* { 1, 
have almost as exact a correspondence with the curve* on a plane, 
w= I; the unique curve O is a singularity, but curves meeting it in 
t points play very much the same rflle on the two-spread as curves 
having a $-ple pfc. at an ordinary point of the spread. These clow* 
correspondences with the hyperboloid and plane curves are the 
marked features of the theory of curves on full skew two-spreads. 

III. Spreads of Odd Orders on Quadric*. 

The known theorems, that a curve S 1 of odd order on an ordinary 
quadricone, cone-Q it{ , passes an odd number of tSines through the 
vertex V, and that a general quadric 3 -spread Q M contains no 
2-spreads S s of odd order (cf. Clifford, Mathematical Paper#, p. 64 ), 
may be extended. 

Q»,»«h will denote a general quadric ^spread in It, 4l , and 
cone-Q,,, +1 a quadric r-sproad in K^, formed hy joining a (general) 
QUi,r to a vertex-point V in lt H ,. 

The section of Q*.+i ma<le hy a tangent r-flat It, is a cone-Q, lf ,. 

The section of a cone-Q, if+1 hy an through tito vortex V is a 
ooue-Q,_ llt ; but that by an arbitrary It, is a (general) Q, l|f . 

8 r will denote an ?<-spread. 

Aj. The general has on it no ^spread of odd order 

unless 

A s . The oone-(J !tw .j im+ t has on it no v-sproad of odd order 
A w . unless +1; while 

A«* m-spreads of XJ} order pass an XI} number of 
times through the vertex V. 

B,. Tho general Q*_,, to lias on it no r-spread of odd order 
unless r<m. 

* Oliaslos gives this for the case 2, 
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1>j. The (Jon o-Q, m has on it no /'•spread of odd order unless 
B,,. r<jn -f 1; while 

B„. w-spreads of jorder pass an .^{number of times 
through the vertex V. 

Let 1 >i hold in R,„; then will the theorems A hold in R 2h|1 . 

Take arbitrary R, n section of ^ w,a " 11 \ containing an 
A,,. * ‘ <*oiio-'L w . aM |i ) ° 

y-spread of odd order: there results a (general) \b u I,Sn i with an 
• Vfiill-l.ftN > 

(r— l)spread of odd order on it; hence, by B ly r — \<ji\ or r<>* + l; 

proving A!, A al . 

A ( , Notice that the projection in R 2ot+1 from a pt. P upon an 
of an r-spread of order s passing t times through P is an 
r-spread of order s~t, i. e., of odd order, unless $~t is even ; i. e., unless 
the r-spread of order passes an number of times through P. 

Take arbitrary Resection of cone-Q^^n containing an /i-spread 
S n ; it is a > H which contains the i>rojection through P of S w ; if 
B t holds, the preceding consideration shows that must also. 

Hence, if the propositions hojd for R 2w (i. e., the B), they do for 
R*»i, (i. e. the A). 

If the A (m A z=n) hold for R 2ff|1 , the B (m B =:n-r 1) will hold for 

RfiM [3* 

B r The Q 5n|lj2lH2 contains an r-spread S r of odd order; the tan¬ 
gent R 2b|1 at a pt. V (not on the ^spread S,), cuts the quad¬ 
ric in a oone-Q 2n>2ftH , containing an (r—• i)spread of odd order 
not passing through the vertex Y; hence, by A flt , 

r— l<n, proving B,. 

B fl . An R flnU -section through the vertex V of the cone-Q 2tf 
shows the dependence of Bji, B L > 2 on the truth of A«, A 22 . 

But A a bolds for R 8 . A curve of order in an ordinary quad- 
ricone, cone-Q 2)8 , passes through the vertex V an ,.;£!! num¬ 
ber of times, because its projection through V upon a plane R a 
is (a conic) of even order. 

Prom A a for R, follow at once the B for R 4 , and thus the general 
propositions as enunciated for R Srn , R sm ,i. 

* IY. Flats on Quadrics. 

Prof. Cayley, tc On the Superlines of a Quadric Surface in 5-dimen¬ 
sional space” (Quart. J. if., 1872-3, t. xii, p. 176) gives an analyti¬ 
cal proof of the proposition, suggested by an evident theorem in 
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line-geometry ;—(using Clifford’s expressions): On a quadric 4 -sproad 
there are two triply infinite systems of planes R>, (t} R>,&; two 
planes of the same system meet in a point; two of opposite systems 
in general do not intersect at all, if they do, it is iu a line. 

There is a similar theorem for quadrics in all flats of odd dimensions. 

1. On a quadric 2m -spread Q. te , s<w ,i In (2m+\)fat there 

are two -$m(m-l- \)ply infinite systems of m-ffats R wl .* * * § 

If this holds for , then it will hold for R w(1 . For R, (w= l) 
this is the double system of generators R, oil a quadric surface. 

Project upon a fixed r ^ from a pt. V on the The tan¬ 

gent R^gffi at Y cuts 11 m a 00110^5^^ ^ j with vertex at Y, 
and it cuts r^ in a fixed r'^-i, which contains the projection 
through V of the cone-Q^, ^ i. e., a fixed d,^- 

An R TO on the Q SWj2}nll Jr^ri meets the tangent R' 2m at V 

in g^ 1 f and is projected into an j^'So’Sy} on the fixed 

9 &»—2, 2m—1 in r gro—i• J 

The converse is also true.§ 

The is supposed to have on it two ^(wi-l)m-ply 

infinite systems of (m—l)flats r m ^ . In r 2w two r in meet iu a point; 
hence, there are oo w r m through a fixed r^-i , i* c., one joining the 
fixed r )n ^ x to every pt. of the 00 Wi pts. of a random fixed r m . Those 
r m correspond to R in on the Q fiw ,2, ft+l . 

2i±t t U 

Therefore, on the Q 2m , iinM , there are two oo w \ oo * =00 * 

=£m (m+ l)ply infinite system of ?u-flats R,„. 

2. The intersections of the m-flats. 

(k) m odd. 

Two R w of the samo system (R, n>a , R,„ >a ) in general do not inter¬ 
sect, but in special cases they may intersect in R 1? or R tl , or,.. 
orB» 

Two of opposite systems (R Wfrt , R, Wf *) in general intern'd in a 
point, but may intersect in R Jt or R 4 , or . . . or R, w x . 

* There is on the quadric no E, if $ > m ; (IIJ, Ai). 

f If an R* passes through Y f it lies completely in the tangent li f m at V. 

t Thus the intersection of an r m (the projection of an B,„) with the fixed 
lies completely on the fixed q'; and likewise two r m and the fixed rV 1 intersect on 
the fixed 

§ A quadric m-spread passing through V would project into an m-flat r n having a 
quadric (m—2)spread on q\ 
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(Z) m oven. 

Two R,„ of opposite systems in general <lo not intersect, but may 
intersect in R,, or U , or . . . or R w . 

Two R,„ of the same system in general intersect in a point, but may 
intersect in an R,, or R,, or . . . or R,„ s . 

This inay be expressed (R„_^ a point, 0 = no intersection), begin¬ 
ning with the most tnfftquent cases: 

Two R„ of \ system intersect in 

hi 

R, w _a j or R„,_4, or ... or R„ , 0 ) 

R ( «.i, or R„,_., or . . . or 0 , R 0 f 

(1) . A few considerations to he used in the proof are given here. 

In 9\ u two r H meet in a pt. ; if in another pt., then in a line r, • 

if two r,„ have an r , common, and also another pt., then they have an 
r ftl in common. 

Two intersecting on q f in may intersect in another point; 
and thus in but they do not intersect in two other asyzvgetic 
points, for then the intersection with the fixed r\ imA would not lie 
entirely on the </'. (Of. foot-note J, §1.) 

If two r m intersect only in an r, lying on the q\ the two correspond¬ 
ing R* meet the R (1 joining this common r, to the fixed point Y in 
two R, (which were both projected into the common r t ) which in the 
K,n intersect in an R,_^. As a special case, if two r m intersect in a 
point n on q\ the two corresponding R w [intersect the line R l9 join¬ 
ings to V, in two points R<, and] do not intersect. 

(2) m even. The _ x on q’ intersect according to (&), m—1 being 
odd. 

On <f r*_, #0 and in general do not intersect, but may in¬ 

tersect in r u r 8 .... or . Two r m through them must intersect 
in a point, at least. Hence, in general, m being even, two R m of the 
same system intersect in a point. In the particular cases, if the two 
r m intersect entirely on q\ the two II* intersect in R„, R, ... or 
R w i\ but if the two r M intersect also in a point, not on </, the two 
R WJ intersect in R,, R 4 . . . or R w , 

On q f r M lt# and r wA>ft intersect in a point »•„; but may intersect 
in r i9 r x ... or . Two r M through them would in general in¬ 
tersect in no external point; hence, in general, m being even, two 
R w of opposite systems do not intersect. In the particular cases, if 
the two r m intersect ^ntirely on q\ the two R, rt intersect in R l5 R 8 
... or R, n .„ a ; but if the r m intersect also in a point not on q\ the 
two R w intersect in R„ R t . . . or . 

Trans, domsr. Acad., You YTT. 
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S»W,, 1880, 
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Thus, the (/’) holding for ?>? —1 odd, the ( 1) liold for m oven. 

(3) m odd. By similar considerations it is shown that, the (/) 
holding for m event, the (/*) hold for ;>? + ! odd. But the (/*) hold 
for >;a=l on the quadric Q , •, in B> (ns might he shown immediately 
by the projection from V on a plane); and, therefore, (/•) and (/) are 
true in general. 

* 

3 . One m -flat of each system passes through every \l m , of the 
Q 2m . The R m ^ projects into an j ,,,! 1 having an /•*, .> on through 
which (suppose) there pass an r„, Un and an the original r,„ , 

and the r m _ h 0 intersecting in r m _ 2 , determine an r m the projection 
of anR w> « through the . This is true on the Q s ; therefore, in 
general. 

Every pt. in R 2j , m has a polar It,,,, with reference to the (J, w ; the 
polar R 2 „ of every pt. in an H, passes through a certain R>„, t which 
is called the polar of the R,. (Clifford.) 

If the s-flat R, lie on the < 2 j( ,, the polar B. Vw of every point in it, 
i. e., the tangent R,„, at that point, passes through the tf-llat itself; 
hence the polar P 2w „, must include the original $ Hat R,. 

The m-flats R WI are self polar. 

The R w , tf and R, Wi& through an taken together lie in and 
determine the polar R m , l of the R* t . 

More generally, two R, w intersecting in an R, lie in and determine 
the polar R aw( _, of the R,. 



III. — On Knots, wiTii a Cknsus vor Ordkh Tkn. By Cl N. 
Littlk, Lincoln, Nku. 


1. Gauss in 1833* called attention to Lhe importance of the study 
of the ways in which cords might be linked. Nothing, however, 
appears to have been written upon the subject until in 1847 Listing 
published his Vorstudien zur Topoloyie.\ In this he briefly but in a 
masterly way touched upon the subject of knots, established some of 
the fundamental propositions, and proposed a notation which, as 
slightly modified by Prof. Tait, furnishes the point of view for the 
present paper. In a communication \ to Prof. Tait in 1877 , Listing 
points out the fragmentary character of his own contribution to the 
subject, and says that the type-symbol used by him is “nichts weiter 
als ein deravtiger Fingerzeig.’' 

It is to Professor Tait, however, that the greater part of our pres¬ 
ent knowledge of the subject is due. He, independently of Listing, 
obtained the fundamental propositions and found the knots and their 
forms for orders from three to seven inclusive.^ 

In 1884 Kirkman|| published the forms of knots ol* orders eight and 
nine, and immediately Tait, making use of Kirkman’s work, extended 
his census of knots to these orders.*! 

2. Professor Tait has shown that any closed plane curve of n cross¬ 
ings divides its plane into compartments; that these compart¬ 
ments are in two groups; that, at the crossings, like compartmeuts 
are vertically opposite. We shall call these compartments of the 
plane pa/rts. A part is represented by the number equal to the num¬ 
ber of double points on its perimeter. The sum of the numbers 
representing the parts of either group is 2w, that is, these numbers 
together constitute a partition of 2w. The partitions for the two 
groups together make up Listing’s type-symbol. As it can lead to 

* “ Kine llauptaufgabe aus (lem Gronzgobiet dor Geometria fiitus und dor Geo- 
metria ifagniivdinis wird die sew, die Uinsohlingungen zwoior gosclilossenor Oder 
uuendlicher Linion zu zahleu,”—'Werko. Gottingen. 1807, vol. v, p. 005. 

)• Gottingen Studien, 1817. I have been able to see only Tait’s apparently full 
abstract in Proc. Roy. Soc. Edin,, vol. ix, pp. 306-300. 

x JProc. Roy. Soc, Edin., vol. ix, p. 316. 

§ On Knots, Trans. Roy. Soc. Edin., xxviii, 145-191,1876-77 

I Trans. Roy. Soc. Edin., xxxii, 281-309. 

If Trans. Roy. Soc. Edin., xxxii, 327-342 



28 (1. N". Lit tie — Knots, with a ('ohms for Owin' Tin. 

uo ambiguity we shall also call the number representing a com pari 
meat a part, ami either group of compartments a partition. 

Since every closed plane curve ol* n crossings, having double points 
only, may be read alternately over and under at the crossings, every 
such curve which gives parts, none greater than n or less than 2, 
maybe taken as a projection o! a reduced knot of n crossings, We 
call such curves knot-form# or briefly,and regard two forms 
as distinct if they do not have the same parts similarly arranged. 

The first part of the problem is to find all the different knot forms 
of any order. 

Since the same knot may be transformed so as to be projected into 
moi*e than one knot-form, the second part of the problem is, from the 
complete series of knot-forms of n crossings to find ail the different 
M-fold knots. Knots exist for which the law of over and under does 
not hold; these are not considered in the present paper. 

3. It is unnecessary to do more than allude to t wo very distinct and 
very ingenious methods devised and used, the one by Tail and file 
other by Kirkman, for the solution of the first part of this problem. 
We may perhaps infer from Professor Tab's opinion* that 44 a full 
study of 10-fold and 11-fold knottiness seems to be relegated to the 
somewhat distant future,” that they were more laborious than proves 
to be necessary. 

4 . A third method, based on Listing's type-symbol, is thus de¬ 
scribed by Professor Tait at page 168 of his first memoir. 

“ Write all the partitions of 2 n, in which no one shall be greater 
than n and no one less than 2. Join each of these sets of numbers 
into a group, so that each number has as many lines terminating in 
it as it contains units. Then join the middle points of these lines 
(which must not intersect one another), by a continuous line which 
intersects itself at these middle points and there only. When this can 
be done we have the projection of a knot. When more continuous 
lines than one are required we have the projection of a linkage.” 

On page 160 of the same memoir, he says, speaking of this 
method: “But we can never be quite sure that we get aft possible 
results by a semi-tentative process of this kind. And we have to try 
an immensely greater number of partitions than there are knots, as 
the great majority give links of greater or less complexity.” 

It seems possible however, with the help of some simple theorems 
to make the “Partition Method” exhaustive, and wholly to do away 
with the drawing of links. 

* lu 1884. Traus. R, & Jtt., xxxii, 328 
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5 . Au inspection of form A a of Plato I will make clear some terms 
already introduced and others that we shall now require, llegarding 
the curve Aa as alone in a plane, it divides it into twelve parts, two 
9 -gons, two ;*-goi)8 and eight 2-gons. The external 3 -gon or am- 
plmwn differs in no way from the other parts. Of these twelve 
parts, two 9 -gons and one 2 -gon form one group—the leading par¬ 
tition; the two 3 -gons and seven 2-gons form the other group—the 
subordinate partition. The terms leading and subordinate are rela¬ 
tive merely, but that partition will be taken as leading which has 

the smaller number of parts. The type-synibol for Aa is -j 4 9 a ^ 7 . 

6. The double points common to the perimeters of two parts of the 
same partition will be called bonds of those parts, and the parts are 
said to be bound by these bonds. It is well known that a type- 
symhol does not determine a form. For this, it is necessary to know 
the numbers of bonds between the several parts of either par¬ 
tition, together witli the arrangement of these parts. 

In general the parts of a given partition may be bound in more 
than one way giving forms that may be projections of either links or 
knots. Each set of numbers of bonds of the several parts of the 
given partition is a clutch of that partition. 

The class p of a partition is the number of parts in it The class 
of a form is the class of its leading partition. The order of any par¬ 
tition is equal to w and is the same as the order of all knot-forms 
derivable from it. The deficiency u of a partition is its order minus 
its greatest part 

7. Let the parts of 2 v be A, B, C, . . . P arranged in order of 

magnitude, and the numbers of bonds of each part be respectively 
tv, fi , 7 t . Let the number of bonds common to any two parts 

aw A ami B be (AB). Then 


(AB)+(AC) + 
(AB) + (BC) + 
(AG) 4- (BO) + 

(AP) + (BF) + 


(AI»)t=<r 

(upj=/y 

m=y 




(a) 


(OP ) = 7 rJ 


or n equations with £?((»— I) unknown quantities which can have only 
positive integral values. The possible solutions of («) will evidently 
give all the clutches for this partition. 







30 (7. N. Litth — Knot*, with a Oenms for Ordor Tut. 

8 . I. Theorem.—I f a part be solely bound to a second part, or it 
any q parts (<j Ap— 2) be bound mutually in any way and all five 
bonds of these parts go to a single part, then this portion of the form 
constitutes a separate knot (unless there be linkage) and the string 
concerned in it may be drawn tight without affecting the remainder 
of the knot-form. Such knots are not considered as belonging to 
order n. 

In particular a 2-gon so bound throws out from consideration a 
clutch. 

3 . II. Theorem.—N o knot-form of the ntli order has as leading par¬ 
tition one whose class exceods w + 2. 

Adding equations (a) above, dividing by two, and subtracting tin* 
■first and any other, say the second, we find 

-(AB) + (OD) + (OE)+ . . . ( 0 P)+ . . . (OP) - n~~a -ft, 

- n—fi. 

Therefore, (AB)X/i~;i. 

In a similar way 

(AC) Yy~n 

(AD) kS-u 

(AP) fir— it 

Adding (AB) 4 -(AC) 4 - . ♦ . (AP)X/H*^+ • • • ar—(/;— l)/f 

Xm + x—( y—1)« 

Xw—(p— 2 )«, 

we have then the two conditions 

(AB)4-(AO) 4- . . . (Al>))n-(p-*),t) (/>) 

Now suppose, if possible, £>= 7 * 4 - 3 

(AD) + (AO) 4 - • - . (AP)=si»-« - 

)> — (n+ [)h ) n—;r— h\ 

To the minimum values of (AB), (AC), etc., (that is, to // 
y~)t, . . . ) must bo added in all, and to no one more than n * 1, 
by 1 . The #4*2 smallest parts of it square are evidently (;r I) 1 
(*—2)*-*. By adding these u +2 parts in any way to the mini¬ 
mum values, a clutch will be given in which each of four parts will 
have a single bond not going to A, aud each of h—2 parts will have 
two. A part of the latter kind cannot have its two free bonds car¬ 
ried to a second part of the same kind, by L If two parts be joined 
by a single bond* there will be left two free bonds. Ultimately it 
will be necessary to join two parts of the first kind to a combina¬ 
tion of parts having but two free bonds, and I will apply. If any of 
the >*4-2 parts of tc 3 be diminished by a then will a parts of be 
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added to those of the first kind, and however the free bonds may be 
arranged, ultimately the same result as beJore ill be leached. 
Therefore p cannot equal 7^+3 and still gi\e knot-forms. 

Much less can p be greater than + 3. 

10. A given clutch of a leading partition does not uniquely deter¬ 
mine a form. The following proposition however holds. 

in. Tiikokem.—A ll or none of the forms determined by any 
given clutch of a partition arc knot-forms of the order considered. 

For, all forms to be had from any clutch of a given partition may 
be obtained by taking all the possible different changes (consistent 
with the given clutch) of relative position of the various parts. 
But these can all be effected by successive interchanges of the con¬ 
nections of two parts, whether such connections nre direct (by a 
single bond), by a 2-gon, by a 3 -gon, or are more complicated. Wo 
may therefore confine the attention to a definite portion of the knot 
and keep the remainder fixed. Let A and B, (Fig. 1, Plate I), be two 
parts connected as shown. Two strings, or two parts of a single 
string, are involved. If there were more all but two would be 
closed. Let the ends of these strings, or parts of a single string, 
leave the portion of the form under consideration at a and c on the 
perimeter of A, and b and d on that of B. Cut at these points and 
call the ends a and a ', b and b\ o and d and d; a 9 b,c and d remain 
fixed. Now revolve through 180 ° about the axis AB, and join the 
free ends. 

Before the change there may be three cases. The strings may be 
| ^ | ^ ^ or | ^ After the change a! is joined to c, and c f to 

a ; V to d 9 and d' to b . 


c d 
ab 

become * 

cal 

ao f 

V 

d 1 

d 

b 

bd 

u 

bd 

V 

d 

a c 

i 

a d 

a' 

0 

b c 

« j 

i bd 1 

a' 

c 

ad 

1 

I ad 

V 

d 


Therefore coming up to this part of the knot on any string, we 
must leave on the same string before and after the change. If then 
the form was a knot before the change it will be one after, and 
if a link before it will be a link after. 

11. Coils ,—A succession of n 2-gons constitutes an n-coil 9 which 
may be open or closed. Since at the 3 rd or 2 *i-Hst crossing of a 
coil the strings have the relative position of the first crossing, if the 
coil be closed by carrying around the ends to the beginning and 
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:i 2 


joining them so ns to preserve the law of over and under one hiring 
will be formed. While if from the 2/*th crossing the strings are car¬ 
ried around, that string over at the 1st is under at the 2wth and, on 


joining, there will l>e two strings. 


Hence, as is well known, 


{2n +1) ! 
(2 Y'+ l 


is always a knot, while ^ £ is 


always a link. 

12, For the purpose of distinguishing between clutches giving 
knots and those giving links, it follows from Theorem III that we 
may take the direct bonds between any two paits together, and these 
form open coils of the subordinate partition; and further it is evident 
from § 11 that any odd open coil (even number of bonds), may be 
dropped, and any even coil (odd number of bonds) may be replaced 
by a single bond. If the resulting clutch gives link, so would the 
original. If the resulting clutch be still too complex for easy recog¬ 
nition of its character, the clutch of the subordinate partition <>t the 
resulting form may perhaps.be still farther reduced in the same way. 
If the clutches of lower orders were at band they also could be used 
for settling the question. 

1 13. We have the following theorems for throwing out clutches 
unproductive of knot forms. 

IY. Theorem. —If a part be joined to other parts in every case by 
an even number of bonds, there is linkage. For, the string about 
this part is closed by Section 12. 

V. Theorem. —If two parts are connected by two 2-gons (of the 
same partition with the parts) there is linking. For they may bo put 
in succession by Theorem III/ When this is done there is a 4-gon of 
the negative partition bound to two other parts in each case by two 
bonds, and IV applies. 

VI. Theorem.-— An odd part joined to one part by an odd number 
of bonds and to other parts in every case by an even number of 
bonds may be dropped; for, by Theorem III it becomes a loop with a 
single crossing, and this can have no effect on the question of linking. 

In particular a 3-gou joined by one bond to one pari and by two 
bonds to a second part may be dropped. 

If two odd parts are joined by an odd number of bonds, and are 
joined to other parts in every case by an oven number of bonds there 
is linkage. 

In particular two 3-gons so joined throw out the clutch. 

VII. Theorem, — If two 3-gons, C and D, are themselves joined 
directly and are joined to A and B in each case by a single bond 
there is linkage. 
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For, HCM (fig. 2, Plate I) uuder we will say at C is over at H and 
M. LCN is then over at 0 and under at L and N. LHN is over 
at L, under at IT, and over at N. Its continuation is therefore NML 
which is over at N, under at M, and over at L. 

14. Class III, Order n .— In this class we have 

(AB) + (AC) -h (BC) = w 

and an unique solution of equations (a), § 9. Therefore (BC)= n, 
(AB)=/i— it and (AC) = 7 — n. If two or three of these quantities 
be even, the clutch to which they belong will give a linkage, by 
Theorem IV. In other cases by § 12 there is a knot. 

Suppose w to be odd and a even ; then u is odd, and ft and y are 
both odd, or both even. In the first case the clutch gives a link, in 
the second a knot. 

Suppose n to be odd, and a odd; then n is even, and of and y 
one must be odd and the other even. The clutch gives a liuk. 

Suppose 7i to be even and a even; then n is even and /^, y are 
both odd or both even. In the first case a knot, in the second a link. 

Suppose 7i to be even and a odd; then n is odd, and of and y 
one must be odd and one even, and there is a knot. This proves the 
following: 

VIII. Theorem.— In odd orders only partitions of 2n into three 
even parts, give knots, while in even orders, only these partitions 
give links. 

15. Class IV, Order w. Here 

— (AB) + (CD) -h—/3 

— (AO) + (BD)= x—y 
-(AD) + (BC ) = x-tf 

(AB) + (AC)+(AD)J«-^ 

The minimum values of (AB), (AC), (AD), (BC), (BD), (CD), are 
respectively x, j/—r, d—tf, 0, 0, 0. To get every clutch we must 
add in every possible way to the minimum values of (AB), (AC), 
(AD), all the partitions of n into not more than three parts, none 
greater than 7c—1. But evideutly we must increase the minimum 
values of any quantity of the second set (BC), (BD), (CD), by the 
same number that we increase the corresponding quantity of the first 
set. The following scheme which considers in detail every possible 
case, expresses clearly the propositions for determining whether 
clutches of partitions of this class furnish knots or links. Let e or o 
indicate whether a number be even or odd. 

Trans. Conn. Aoad., Vol. VII. 


5 


Sept., 1885. 
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Pi ops oi 
ustd 


IV. 


IV 

IV 

m vi^u 

8UVI1 

KH VI 
8>a, VI, n 
$12, VI, 11 
IV 
IV 

812, V 
812 
8U 
812 
IV 
IV 


§12 


The first line of this scheme says tliat when n is even and jc even, 
and 2 n divided into four oven paifcs, the minimum values of (AB), 
(AC), (AD), will be even, and that if a partition of n into three 
even parts be added to n, y—x, d— Jt the numbeis constituting 
the clutch will be even, and the form a link by Prop. IT. 

One of the propositions proved in this scheme is worthy of separate 
enunciation. 

IX. Theorem. —In even orders partitions of 2 n into four even or 
four odd parts give link-forms only. In odd ordeis partitions into 
four even parts give link-forms only. 

16 . X. Theorem. —In all orders partitions of six even parts give 
link-forms only. 

For, an even number may be divided into five parts, of which four, 
two or none shall be odd. After the application of §3*2 the only 
parts to be found in the leading partition will be 4-gonb and 2*gons. 
Every form under consideration will be reduced so as to have as lead* 
ing partition one of the following, with a clutch of which every 
number is 1. 

4®, 4% 4*2 a , 4*2% 4*2*, 42% 2°. 

In the lower orders 4*2®, 4*2*, 42®, and 2° have been louml to give 
no knots. 

If the form given by 4® be drawn it is found in any particular 
case to consist of four closed curves, and theiefore by Theorem III is 
always a link-form. On drawing 4 4 2 s it also proves to he a linkage. 
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The partition 4 5 2 with the given clutch can not exist in a plane. 
This happens in two cases in order 10. On drawing the forms in 
such cases additional crossings will be found to be necessary. It is 
therefore true that in all orders, partitions of six even parts give link- 
forms only. 

A synthetic proof of this theorem is possible. 

1?. Instead of continuing the consideration of the general subject 
Wfe shall now illustrate the method of determining the knot-forms of 
any order by a particular consideration of order 10. 

The number of partitions of 20 into parts none greater than 10 or 
less than 2 is 107.* These, arranged in dictionary order, are given 
in full in Table I. 

Of these the single partition of Class II gives a link, § 11; the 
thirty-seven marked II are cut out by Theorem II. In Class III, 
Theorem VIII throws out 8 2 4 and 86 2 ; in Class IV, Theorem IX the 
eight partitions marked IX ; and in Class X, Theorem X the three 
marked X. The partitions remaining in Classes III to VI inclusive 
are alone taken as leading partitions; for, all remaining partitions 
appear in every possible way as subordinate partitions (§ 2), and 
can, therefore, furnish no additional knot-forms. 

We have then to tabulate the clutches of those partitions still 
remaining in Classes III to VI. We at once write down Tables II 
and III in which are omitted all clutches that are thrown out by 
Sections 14 and 15. In Class V, a table with headings as shown 
in Table IV is used. We take for illustration the first partition, 
7*2®. Here x=3, and /?— x, y— x, d— x, s—x are 4, —1, —1, —1. 
In this class we must add in every possible way to the minimum 
values of (AB), (AC), (AD), (AE) the partitions of 2x into four 
parts, or fewer, none greater than x—L The only partitions of 6 
meeting these conditions are 2 J and 2 s 1% which maybe added in 
seven different ways to 4, —l, — 1, — 1, giving the different clutches 
of the table. Thus adding 1, 2, 2,1, to y— n, d— x, we 
have (AB), (AC), (AD), (AE), equal to 5, 1, l, 0, respectively. Sub¬ 
tracting (AB) from (i, etc. 

SB =(BC) + (BD) + (BE)=2 
2C =(BC) -f (CD) + (CE) = 1 
ST) =(BD) + (CD) + (DE)=I 
2E=(BE) 4- (CE) + (DE)=2. 

These quantities are put in the columns headed SB, SO, 2D, 2E, 

* See Tait, Trans. Boy. Soc. Edin., vol. xxxii, p. 342. 
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and all the possible solutions of this set of equations here ah 
throughout the work are written down by inspection. The rest of 
this table is made out in the same way. In Table V we must, in 
every possible way, add the partitions of 3u into lour parts or fewer, 
none greater than u— 1. In the general ease wo add the partitions 
of (p— 3);r into jo—1 parts none greater than h~ 1. In the com¬ 
plete Table IV there are 400 clutches, and in Table V loot), It has 
not been thought necessary to publish more than a sample of either 
table. 

18. Having completed the tables of clutches we next east out in 
Tables IV and V all clutches unproductive of knot-forms. The 
theorems already established are sufficient for this purpose. The 
routine followed will be readily understood from considering its use 
in the samples given of Tables IV and V. 

Partition 7 8 2‘: in clutch (1) A and H are commoted by two 
2-gons, and V applies ; (4) becomes (3) by interchanging I) and K; 
( 1) becomes (6) by interchanging C and D ; and in (2) ami (5) we 
have a 2-gon solely bound to a single part, and l applies. 

Partition 6 s 42 8 : clutch (1) is thrown out by IV Hiuce a 6-gon B is 
joined to A by foiir bonds and to C by two; Theorem IV casts out 
(4) because of C, (14) because of 0, (17) because of B, and (20) be¬ 
cause of A; in (2), (3), (8), (9), (II), (12), (15) and (1R) a 2-gon is solely 
joined to a single part, and I applies; in (5) B and C form a combi¬ 
nation solely bound to A, and I applies; I throws out also (10) where 
D and E are bound together and to 0, and (13) where the same 
parts are bound to B; interchanging 1) and E (7) becomes (0); 
interchanging A and B (16) becomes (7). 

Partition 5*32 : I throws out (2), (3), (6), (8), (14), (10), (19), (20), 
(26), (27), (30), (81), (33), (37) and (38); by interchanges of parts 
( *)> 0»F( *). (24)S( 9), (32)- (LI), 

( 7)~( 1), (I8)~( 3), (25)==( 4), (84) -(12), 

(13)2(10), (21)==(l0), (28)=(23), (85)-. ( l), 

(15)=(12), (22)==(21), (29)~(23), and (36) " ( 0). 

In (4) J) is dropped by VI, and B thus is changed to a 4-gon; 
then the application of §12 leaves the two 8-gons A and O joined 
by two 2-gons, E and the still farther reduced B; V, there¬ 
fore, shows that the clutch gives links only. In (9), drop O by VI 
and B becomes a 2-gon and A a 3-gon; the two 3-gons A and I) arc 
connected by the two 2-gons E and the reduced B; therefore the 
clutch gives links, by V. In (11) drop C by VI and the two 3-gons 
A and B are connected by the two 2-gons E and the reduced I); V 
applies. 



C. K. Little — Knots, with a Census for Order Ten . 3Y 

In Table V, clutch No. (1) of S3 5 is thrown out by I. In (2) the 
two 8-gons E and F are joined together by a single bond and to A 
in each case by two bonds, and VI applies; or we might use I. 
Theorem VI throws out (4), since the two 3-gons B and F are joined 
to each otlier by a single bond and to other parts in each case by 
two bonds. In (5), drop F, by VI; B becomes a 2-gon joining D 
and E, and they are 3-gons connecting A and C. An obvious exten¬ 
sion of Theorem VII throws out the clutch. Since in ( 1 ) B and C 
are joined together and to A, I applies. 

This process is continued until all clutches which do not give 
knot-forms have been thrown out, as well as those clutches which 
are repetitions of clutches previously given. The samples given of 
Tables IV and V constitute about one-twentieth of the complete 
tables. 

19. We are now ready to draw the forms which the remaining 
clutches furnish. 

Definition.— The number of Circular arrangements of n things is 
the number of distinct ways in which n things can be arranged in 
a circle, the order whether direct or retrograde being of no con¬ 
sequence. 

For illustration of the general method we consider in detail the 
productive clutches of partition 6 a 42 s . In clutch (6) the two 6-gons 
are connected, by three bonds, by a 2 gon, and by a 4-gon which is 
connected with one 6-gon by two bonds and with the other by a 
2-gon and one bond. There will be as many forms from this clutch 
as there are circular arrangements of a a a b (cd), where c and d 
may not be separated. These are 

a a a b (cd) 
a a a b (dc) 
a a b a (cd) 
a a b a (dc). 

The four forms C a c 2 , C a c s , C a c 4 , can at once be drawn. 
See Plate V, Knot LXIV. 

In (19), the only other clutch of this partition that affords forms, a 
6-gon is connected with a 4-gon directly, by a 2-gon, and by a 6-goji 
which is connected with the 4-gon by a single bond and by a 2-gou. 
There arc two circular arrangements of a b (cd), namely a b (cd) and 
b a (cd); these furnish the two forms C a d l5 C a d B . Knot XXX, 
Plate III, In practice the operations described in this section and 
in the preceding are pel-formed simultaneously. 

20. In Class VI every productive partition is used as a leading 
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partition. But since the subordinate partitions here belong to tin* 
same class, every form, with certain exceptions, will be found 
twice; this affords a check on the completeness of this part of the 
work. The exceptions are the amphieheiral knot-forms. Those have 
the same partitions similarly connected both as leading and as sub¬ 
ordinate partitions. These therefore appear but once. 

In the partition 53 6 , which was given as the shortest possible 
illustration of Table V, clutch (3) furnishes a single form 1)V S , which 
already had been obtained under 54 a 32 a ; dutch (6) gives two which 
had been obtained, Uu l under 643 a 2 fl and D 8 x t under 54 a 32 9 . Clutch 
(8) gives the only new knot-form from this partition, .viz: the 
arapliicheiral D’o. 

From the clutches of Classes III, IV, V and VI 361 ten-fold knot 
forms are obtained. 

21. The Derivation of Knots from Knot-Forms. —Prof. Tait has 
not described the methods which he used in his derivation of the 
knots of lower orders from the knot-forms. In 1884 he says :* “the 
treatment to which I have subjected Kirkman’s collection of forms, 
in order to group together more varieties or transformations of one 
special form, is undoubtedly still move tentative in its nature; and 
thus, though I have grouped together many widely different forms, I 
cannot be absolutely certain that all those groups are essentially dif¬ 
ferent from one another.” 

If a ten-fold knot he placed upon a plane in such a way as to have 
but ten crossings the eye will project it upon the plane in a form 
which will be found among the 364 above obtained. If the knot 
gives more than one form it will be possible to obtain any other of 
its forms by one or more turnings over of restricted portions of the 
knot while the remainder is held fixed. Now the string cannot issue 
from the portion of the knot that is turned at more than four points, 
for in that ease the turning would Introduce) consecutive overs, and 
one or more additional crossings; the portion of the knot that is 
turned must therefore ho wholly between two parts of the given 
knot form and in turning it we untwist two of the strings at one 
point and twist two at another, the result being simply to change the 
position of a single bond from one end of the connection to the 
other. The class of the form is therefore not changed, and all the 
forms of any knot belong to the same class. 

22. Moreover in order 10 and lower orders all the forms coming 
from any clutch are obtained by changing the position of single 

* Trans. Roy. Soc. Kdin., vol, xxxii, p. W. 
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bonds in the connections of pairs of parts. Therefore in these orders 
all forms from any clutch are forms of the same knot. The sub¬ 
ordinate partitions of these forms are then to be examined and all 
forms added which arc obtained from them by changing the positions 
of connections of their parts, retaining the given clutch of the subor¬ 
dinate partition. These forms in turn arc treated in the same way, 
but it will usually happen that no new form of the knot is obtained 
and the complete determination of the knot in all of its forms is 
finished. 

23. We take for illustration Knot I of Class IV, shewn on Plate I. 
Bar, becomes Bby twisting about a vertical axis the 2 gon connect¬ 
ing the 8-gon and 7-gon. The first crossing below is opened and the 
strings above are crossed, the rest of the knot remaining fixed. 
Twisting the 2-gon again B« a is obtained and nothing new is gotten 
by further changes of the forms. Since the negative partition in 
every case consists of two parts joined by three symmetrical connec¬ 
tions, which have only one circular arrangement, there are no other 
forms of Knot I. 

24. The knots of Class III, order n, are unique; since three things 
have but one circular arrangement. 

25. The knots of Classes III, IV, V will be found with their forms 
grouped together in Plates I-V. On Plates V-VII are figured the 
forms of Class VI grouped as they come from the clutches, except 
that no form is repeated. The knots of this class will be found in 
Table VI. Every knot-form is the projection of two knots, one of 
which is the perverted image of the other, and consequently each 
group of knot-forms belongs to two knots which are in general 
different. If a series of knot-forms contains any amphicheiral form 
then it will also contain the perversion of every form of the series 
not amphicheiral. The series consists of the forms of one knot and 
not of two. 

26. In order 101 find, counting a knot and its irreconcilable perver¬ 
sion as two: 


Class. 

Forma. 

Knots. 

Knots. 

nx, 

6 

12 

G 

IV, 

25 

30 

15 

v, 

200 

128 

64 

VI, 

133 

64 

39 

Totals, 

364 

234 

124 
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Tn lower orders Professor Tait has found: 


Orders. 

Pol ms. 

Knots. 

Knots. 

3 

1 

2 

1 

4 

1 

1 

1 

5 

2 

1 

2 

6 

3 

5 

3 

7 

10 

It 

7 

8 

27 

31 

IS 

9 

100 

82 

41 


The fourth column contains the numbers as they are given by Tail, 
the perversions of knots not being counted. 

In so long a labor as is involved in making such a census the 
opportunities for error are many. Any errors or omissions that 
may be found in the census are to be attributed to the writer rather 
than to the method, which is simple and direct. 


Tabu: I .—Partitions of 20. 


Class IT. 
W 

Class IT I. 
f 1082 

II J 1073 

ll ‘ 1 1064 
I 105® 
9*2 
983 
974 
965 
8*4 
875 
86 * 
7*6 
Class IV, 
1062* 
10532 
104*2 
.1043* 

(■aw 8 
aim 
9642 
863* 
94 8 3 


Tin. 

thi. 


II. 


n. 


Ol. IV. 

—Contin’d 

Cl. V.~—Contin’d. 

Clash VI. 

IX. 

8V 


r 8621 

II. 102" 


8132 


8532* 

11. 932' 

IX. 

8(542 

II. \ 

84*2* 

II I w4 ‘ 


863 ! 


813*2 

u * 8IW 


85 2 2 


83* 

( 762* 


8543 

7223 

TI. •! 7432' 

IX. 

84* 

7632* 

73°2- 


I s 42 

7542* 

X. 6*2 1 

IX. 

7*3* 

753*2 

6632'' 


1662 

74 v 32 

X. 64*2 1 


1643 

743 s 

643*2* 

IX. 

76 8 3 

6 s 42 a 

63*2 


754 8 

6*3*2 

5*4 2 s 

IX, 

6 J 2 

66*2* 

5*3*2* 


6*63 

60432 

54*32* 

IX. 

6*4“ 

653 s 

543*2 


65M 

64*2 

63 # 

IX. 

B* 

0*1*3* 

X, 4*2* 

Class V. 

C32 

4*3*2 

TT J 

M042* 

B 8 4'2 

4*3* 

II. - 

LI 03 V 

B“43 8 



'952-' 

Bl^S 

Class VIb 

II. H 

9432 s 

4* 

II. 82« 


[93*2 


II. 732“ 


OtVIMJoirti'U 

II J 6,3,1 
“• j liM 1 

BV 
6432 1 
CSV 
4»2‘ 

43*2“ 

3*2 

Clash VIIT, 


II. 

II. 


02 1 

532" 

W 

t3*2 h 

3*S« 


(Jlahh Kl. 

II. '12 s 
:w 

Clash X. 

gio 


Table II .—Clutches for #=3. 



gS's- 

Partition. 

S'S'gJ 

3S& 

Partition. 

So o' 

9 8 2 


974 


I— 

5 3 2 Ad 

988 


965 


mm 

4 3 3 Af 
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Table TIT.— Clutches for p—A.. 


Partition. 

« >< « 

1 1 1 

III 

OS'S" 
cqPQO I 

wo« * 


8732 

5 1 0 

5 

2 

l 

1 

1 

0 

2 

1 

1 

Ba,, Ba a , Ba,. 

h —2 add 1, 1 


6 

1 

1 

1 

0 

1 

1 

2 

l 

Bb. 

8633 

4 1 1 

5 

1 

2 

l 

0 

1 

1 

2 

1 

Be. 

8552 

3 3 0 

3 

4 

1 

1 

1 

0 

2 

1 

1 

Bdj, Bda. 

8543 

3 2 1 

3 

3 

2 

1 

1 

0 

2 

1 

l 

Be,, Be„. 



4 

3 

1 

0 

1 

1 

1 

1 

2 

Bf. 

ma 

4 1-1 

5 

1 

1 

2 

0 

1 

2 

3 

1 

Bg. 

asb 3 add 2, 1 
1, 1, 1 
7652 


5 

2 

0 

1 

1 

1 

2 

2 

2 

Same as Bg A:B.f 

3 2-1 

3 

3 

1 

2 

1 

0 

3 

2 

1 

Bhi, Bh*,. 



4 

3 

0 

1 

1 

1 

2 

2 

2 

Bi. 

7643 

3 1 0 

5 

1 

1 

1 

0 

2 

1 

3 

2 

Bj. 



3 

3 

1 

1 

2 

0 

* 3 

1 

2 

Bk 1? Bk a . 



4 

2 

1 

1 

1 

1 

2 

2 

2 

BL 

7544 

2 11 

3 

3 

1 

0 

2 

1 

2 

1 

3 

Bm. 

; 


3 

2 

2 

1 

1 

1 

2 

2 

2 

Bn. 

6653 

2 1-1 

3 

1 

2 

3 

0 

1 

3 

4 

1 

Bo. 

n =4 add 


3 

3 

0 

1 

2 

1 

3 

2 

3 

Same as Bo A:B. 

3, 1 

2, 1, 1 
2, 2 


3 

2 

1 

2 

1 

1 

3 

3 

2 

Bp. 

6554 

110 

1 

2 

3 

3 

1 

0 

4 

3 

1 

Br. 



3 

2 

1 

l 

1 

2 

2 

3 

3 

Bs. 



4 

1 

1 

1 

0 

3 

1 

4 

3 

| Bq. 


’ 2B—/3-AB=BC + BD, etc. f A:B signifies that A and B are to be interchanged. 


Table TV .—Clutches for p=5 




* * •*! 

Partition. 

Add 

1 1 1 
csx 

7*2* 

0222 

4-1-1- 

/c=3 add 
Parti’ii of 2 k 

2211 


222 



2211 

1221 


* 

* 

* 

6242* 

2033 

2 0-2- 

k= 4 add 

3Q23 


332 

0323 


3311 

0233 


3221 

1133 


2222 

3122 



1322 



1223 



2123 



2222 


♦ 

* 

* 


BOfiB 

WOP0 

OflH 

s«e 

3 - 1 - 1-1 

4 1 1 L 

1 1 1 

112 2 

6 10 0 

10 0 
0 10 
0 0 1 

2 112 

* 

6 110 

* 

002 

1 0 1 
011 
* 

2 4 11 

4 0 11 

200 

14 2 1 

5 0 0 1 

100 

4 12 1 

2 3 0 1 

1 2 1 

4 2 11 

2 2 11 

2 1 1 

3 3 11 

3 111 

3 0 0 
2 10 
2 0 1 

13 2 2 

6 10 0 

0 0 1 
0 10 

1 0 0 

3 12 2 

3 3 0 0 

0 1 2 
0 2 1 
1 1 1 

3 2 2 1 

3 2 0 1 

2 10 
1 2 0 
111 

2 3 2 1 

* 

4 10 1 

4 2 0 0 

2 0 0 
10 1 
1 1 0 

* 


No. 


(1) V. 

( 2 ) 1 . 

(3) Oa. 

(4) Same as (3) B:E. 

( 6 ) 1 . 

(6) Cbi, 0b 2 , Oba. 

(7) Same as (6) 0:1). 
* ♦ * 

(1) TV. 

(2) T. 

(3) T. 

(4) IV. 

(5) T. 

( 6 ) 0 ; c,C 2 c a 0 8 CsCflC 4 . 

(7) = (6) B:E. 

( 8 ) 1 

( 9 ) 1 . 

( 10 ) x. 

(U) I. 

02 ) 1 . 

(13) 1. 

(14) XV. 

(15) 1. 

06)HCO A;B. 

(17) IV. 

( 18 ) X. 

;i 9 ) 0 *di, 0 *d a . 

[20) IV. 

* * * 


Trans^Conn, Aoai»m Tol. VII. 


Oot m 1886 , 
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Table IV.—Clutches for p 5 (continued). 


Partition 


5*32 

/c=5 add 
442 
4411 
433 
4321 
4222 
3331 
3322 




Add 

* U •? 4 

Mil 

oa n 4 ® * 

SI 

I 

S 

M 

wops' 

■<1 

ODW 
W pq cq 

flWM 

No. 

0214 

0 0 -2 -3 

5 3 

1 

1 

0 

2 

2 

1 

3 

1 

l 

0 

0 0 

(i)»’ 8 .y. 

0424 


5 1 

3 

1 

0 

4 

0 

l 

l 

3 

1 

0 

0 0 ! 

(2)1. 

1144 


4 4 

1 

1 , 

1 

1 

2 

1 

1 

0 

0 

(1 

0 

1 

(3) I AIWA 




1 





3 

1 

0 

0 

1 

0 

(4) vi.hu, V. 


1 








3 

0 

1 

1 

0 0 

(6) (!)»:<> 

0433 


5 1 

2 

2| 

0 

4 

1 

0 

1 

2 

2 

0 

0 

0 

(«)> 

033 i 


5 2 

2 

1 

0 

3 

1 

1 

2 

2 

1 

0 

0 

0 

(1) (I)A:I! 

0343 


5 2 

1 

2 

0 

3 

2 

0 

2 

1 

2 

0 

0 

0 

(B) l. 

12 U 


4 3 

2 

1 

l 

2 

1 

1 

3 

1 

0 I 0 

0 

l 

(») VI, SI 2, V. 

(10) O'*.,<!%, C'si,. 






\ 




2 

2 

0 

0 

1 

0 










2 

1 

1 

1 

0 

0 

(11) VI, V. 

1243 


4 3 

1 

2 | 

1 

2 

2 

0 

3 

0 

1 

0 

(} 

l 

(18) O'n 


1 








2 

1 

1 

0 

l 

0 

(13)— 111) A:It. 



* 







2 

0 

2 

1 

0 
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(l JV. Little — Knots , with a Census for Order Ten. 


Table TI —Knots of Class VT. 


Knot. No. Forms. 


I 0 Dili, Bus, Ba 2 , Da j. Bar,, Dn a . 

II | 1 I)!>. 

III i 4 Bo 4 , Be.., Dc„ Dcj. 

IV | J- Dei, I>e a Be», Be t . 

V I 2 Dfi, Df a . 

VT I 4 Bki Ampli, Dk 2 |L* D‘ 2 j Amph, 

VII I 1 D1 Ampli. 

VIII 3 Bm, B^ti, D 2 t 2 . 

IX 10 Bn! Ampli, Dn 2 ||, Dn4 Bui||, D 3 ii||, Amph, D 8 b 2 |, 

iDb-* Amph, B { s Amph. 

X 12 Duj, Bu 2 , Du.,, DUi, Bu 0 , B-’xi, B 2 x 2 , D 2 x a , B J Xi, D 2 x fl , Boi, Bo 2 .f 

XI 12 Dpi, Bp a , Dp.,, Dp t , Dp-i, Dp 0 , D 2 e 1? D 2 e a , D ! e s , D J e t , IVe 5 , D 2 e„. 

XII 9 Dqi, Dq 2 , Dq* D 2 f„ D 2 f 2l D 2 f a , DV, B*u, D J h 

XIII G Dr,, Bn, Dr,, B 2 q„ B 2 q 9 , BV 

XIV 3 Bs, l>' Cl , D 2 c a . 

XV 2 Dt, D-d, 

XVI 9 Dv 1t Dv„, Dy„ Dy a , Dyj, B 2 g„ B^g 2 , D 2 y, D j. 

XVII 9 Dwi|, Bw a Amph, Bwj, D^h Amph, D-l«|, J)*l Amph. 

XVIII 6 1)X|, Dx a , Dx,, D 8 a,, D*a. 2 , l>’a. 

XIX 4 Dz, Amph, Dz.j||, D J b Amph. 

XX 1 D 2 b Amph. 

XXI 3 D 2 ij, I) 2 i Jt B 2 i,. 

XXII 1 B 2 k. 

XXIII 1 D 2 m. 

XXIV 1 D 2 o. 

XXV 3 IVpJ, D 2 p 2 Amph. 

XXVI 3 D s r, Amph, D*r a , 

XXVII 3 0*8,, D 2 s a , D 3 s 3 . 

XXVIII 2 Bvi, Bv a . 

XXIX 2 BVi, D%*. 

XXX 2 B 2 zi, D 2 z a . 

XXXI 1 D 3 d Amph. 

XXXII 1 D 3 e Am ph. 

XXXIII 4 m Amph, D 3 f 2 ||, D ,{ q Amph. 

XXXIV I IHg. 

XXXV 1 D%. 

XXXVI 3 B 8 m Amph. 

XXXVIT 1 D 8 o Amph. 

XXXVIII I D n p Amph. 

XXXIX I D«r, 


* The symbol | indicates that a form and its perversion are both included, 
f The subordinate partition of Do 2 , Plate V. should bo 643*2*. 




IV.— Tins Amylolytio action ok Diastase of Malt, vk modified 

BY VARIOUS (CONDITIONS; STUDIED QUANTITATIVELY, By K. II, 

Chittenden and Gko. W. Cummins, 

The close relationship existing between the diastase oi* malt and 
the amyiolytic ferment of saliva has led us to make a careful study 
of the conditions favorable to the action of the former, in tin* hope 
of obtaining confirmation of previous results obtained with the sali¬ 
vary ferment.* * The widespread use, moreover, of malt extracts as 
therapeutic agents lends to the work in question a practical interest, 
which in no wise detracts from its value. 

Falkf has recorded that the diastase of malt loses its amyiolytic 
power under the influence of dilute acid, similar to the ferment of 
saliva; that it is made inactive by gastric juice and that the retard¬ 
ing influence of a dilute acid (say 0*0185 per cent,) on its amyiolytic 
power is diminished by the presence of peptone, owing to the proba¬ 
ble formation of a peptone-acid compound, Falk, moreover, states 
that the retarding action of hydrochloric acid is due to destruction 
of the ferment, since on neutralization of the acid, amyiolytic power 
is not restored. KjeldahlJ has recorded that dilute acids in very 
small quantity retard the amyiolytic action of diastase; if, however, 
smaller, minimum quantities of acid are added the amyiolytic power 
of diastase is increased. The same investigator^ has also noticed 
a like accelerating action of very small quantities of acid on invertin, 
Baanitz|| has found that the presence of carbonic acid invariably in¬ 
creases the amyiolytic power of diastase. DetmerK lias recorded the 
same fact and in addition, that small quantities of citric acid as well 
as of phosphoric and hydrochloric acid increase the diastatic power 
of malt. Larger quantities of these acids render the malt extract in¬ 
active. Petmcr has also found that the presence of a very slight 
alkaline reaction diminishes the amyiolytic power of the ferment. 
Brown and Heron** state that a malt extract neutralized with barium 
hydroxide has its amyiolytic power somewhat weakened; thus im- 

* Chittenden and Smith, Trans, Conn. Acad, vol. vi, p. 343. 

f Virchow’s Archiv, vol Ixxxiv, p. US. 

% Jahresberickt fur Thierchemio, 18*19, p. 382. 

§ Jahresberickt fur Thierchemie, 1881, p. 449, 

| Beriehte der deutsck chem, Gesell, vol. xi, p. 1443. 

1 Zeitschrift fur physiol, ohemie, vol. vii, p. 2. 

** Liebig’s Annalen der Ohemie* vol. exeix, pp. 236-238. 
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plying that the ferment acts more vigorously in the naturally acid 
extract than in a neutral fluid. The same investigators found that 
making the extract faintly alkaline with sodium carbonate hlso 
diminished somewhat the activity of the ferment, while sodium 
hydroxide completely stopped the action of the ferment. A like re¬ 
sult was also obtained on the addition of 0*05 per cent, salicylic acid. 

Such are the i eeorded statements bearing on this question. Few 
quantitative results are given, and the influence of proteid matter, 
aside from its connection with dilute acid, has not been considered. 

Method employed, 

A fresh malt extract was prepared for each series of experiments, 
since the fluid tends rapidly to become acid, owing to the develop¬ 
ment of schizomycetes. The extract was prepared from coarsely 
ground malted barley, by simply extracting it with water at 40° C. 
for two to three hours (5 grams barley to 100 c. c. water), then filter¬ 
ing, neutralizing and diluting to 500 c. c. 

Owing to the groat difficulty of obtaining perfectly neutral starch, 
that used in the present work was prepared from potatoes, thoroughly 
washed and dried, making a starch perfectly neutral to the most 
delicate test papers. The volume of each digestive mixture in the 
various experiments was 100 c. c., containing 1 gram of starch pre¬ 
viously boiled with a portion of the water, a definite quantity of the 
malt extract and a given amount of acid, alkali, or proteid matter, 
except in the control, which was naturally free from the latter. In 
determining amylolytic power the digestive mixtures were warmed 
at 40° C. for thirty minutes, after which further ferment action was 
stopped by boiling the fluid. The extent of amylolytic action was 
then ascertained by determining in one-fourth of the fluid, made up 
to 100 c. o., the amount of reducing bodies by means of Allihn’s* 
gravimetric method; the reducing bodies being then calculated, for 
the sake of convenience, to dextrose, from which in turn, was calcu¬ 
lated the percentage of starch converted. 

Influence of sodium carbonate on the amylolytic actim of diastase. 

Previous experiments! with saliva have shown that the percentage 
of alkaline carbonate which absolutely or to a certain extent hinders 
its amylolytic action can be designated only for a definite mixture 
and not in a general sense, owing to variations in the amount of pro- 


* ZeitBchrift fur Anaiytische Cliemie, vol. xxii, p. 44.8. f Chittenden and Smith. 
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teid matter present and doubtless also in part to increase or decrease 
in the amount of ferment. 

3ft became necessary, therefore, at first, to ascertain something re¬ 
garding the lelative ainylolytic action of the malt extract, which 
contains some proteid matter. Tlnee quantities of malt extract 
were employed, which by thirty minutes wanning at to* <\ with 
1 gram of starch in the manner already described, gave the follow¬ 
ing results: 

Cotal amount 

Malt extract. WtCuluH rc (luting I>o<Uih Stun It < on\t itt<l 

10 c c. 0*1192 j?um 0 2128 giam * 21 S,> pci cent 

15 0*1489 0nQ3S 27 it 

2ft 0 154,1 0 llftO 2H 1ft 

It is interesting to note here that, as in the case of the tuny loly tie 
ferment of saliva, there is no quantitative relation between tin* 
amount ol ferment and the extent of ainylolytic action ; it is only 
when the ferment solution is greatly diluted that ainylolytic action 
can be taken as a definite measure of the amount oi ferment 
present. Kjeldahl* has likewise studied the influence o( the quant it j 
of diastase upon the amount of sugar formed under given conditions 
and he came to the conclusion that the foimation of sugar was pro¬ 
portional to the amount of ferment only up to a certain point; be¬ 
yond which, increase in the amount of ferment was not accompanied 
by proportional increase in the formation of sugar. 

Preliminary experiments showed us that the ferment of malt is 
very susceptible to the action of sodium carbonate; the addition ol 
even 0*026 gram of the alkaline carbonate to lf> c\ c. of perfectly 
neutral malt extract, with subsequent dilution to 100 c. c. allowed no 
diastatic action whatever. Following are two series of experiments 
illustrating the action of different percentages of sodium carhoimtef 
on the ierment under different degrees of dilution. 

a with 15 e e* of the standard mntt extinct 


Na 9 0o,. 

Wi.Ou lt>M 

*1 otal amouul 
rt <lu( lux bod: 

Hi inch < out < Hi it 

0 

0 11171 gram 

0 2701 g 

25 11 pm c< nt 

0 0005 poi cent 

0*1318 

0*2084 

24*1 ft 

0*0010 

0*1274 

0*2590 

27 30 

0 0020 

0-0544 

0*1124 

Id'll 

0*0050 

0 0197 

0*0434 

3 00 

0 0080 

0*0134 

0 0312 

2*80 

0*0100 

0*0135 

0*0314 

2 82 

0*0125 

0 0005 

0 0148 

1*73 

0*0250 

0 




* Jahresboricht fur Thierchemie, 1879, 881. 

f The standard solutions of sodium carbonate employed m these experiments worn 
made from the chemically pure anhydrous salt. 
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b. witli 30 c. o. of tli© standard malt extract. 

Total amount 


NaJJo,. 

wt CumH. 

reducing bodies 

Starch coni 

0 

0*1050 gram. 

0-3372 gram. 

30*34 

0 001 por cent. 

0*1578 

0-3224 

29*01 

0 003 

0*1166 

0-2986 

26-87 

0 005 

0 1117 

0*2334 

21-00 

0*010 

0 0380 

0-0790 

7-16 

0 025 

0 0238 

0-0516 

4-64 

0 050 

0 




It is evident from these results that the amylolytic power of dias¬ 
tase, like that of pfyaline, is diminished in proportion as the percent¬ 
age of alkaline carbonate is increased. Moreover, it would appear 
by comparison with results previously obtained* that diastase is far 
more susceptible to the action of sodium carbonate than ptyaline, and 
also that dilution of the malt extract does not so materially affect 
the retarding action of the different percentages of alkaline car¬ 
bonate as in the case of saliva. Both of these results, however, may 
be due either to the presence of a larger amount of proteid matter in 
the saliva or to the presence of a larger proportion of ferment, or in 
fact, to both. It is noticeable in both series of experiments that the 
amylolytic power of the ferment after gradually diminishing appears 
to receive a sudden check, which in the larger amount of malt ex¬ 
tract is produced by just double the percentage of carbonate requisite 
with the smaller amount of malt. In this way the effect of dilution 
is apparent and shows moreover that the exact influence of a given 
percentage of the alkaline carbonate can be designated only for a 
definite mixture. 

Dust motive action of sodium carbonate on diastase. 

In order to ascertain how far the retarding action of sodium car¬ 
bonate is duo to destruction of the ferment, the following experiment 
was tried. Bix mixtures were made as follows: 



1 

2 

3 

4 

5 

6 

Mall extract, . 

30 o.e. 

30 e.e. 

30 o.c* 

HO C.o 

30 c.o 

. 30 c.c. 

Na^Jo* sol. 

0 » 4 

1*25 *H 

3'I$S 2-6 “ 

0 -1 i 2-5 “ 

0*5# 6 44 

0*5# 10 44 1 

il„0. 

20 41 

18-75 “ 

17-5 “ 

UJ 

Jfc- 

rH 

J.5 “ 

10 44 


50 

50 

50 

50 

50 

50 

Per cent. Na fl Cos 

0 

0*0025 

0*005 

0*025 

0*05 

0*1 


These were warmed at 40° C. for 1 hour, then neutralizing and 
equalizing mixtures were added as follows : 


# Chittenden and Smith. 
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12 3 15 u 

0*1 per cent. IIC1 0 0*12 o <\ 0 85 c. c. I 2f> <*. t‘. 8 5 o. l<i 1)5 <• v. 

0*5 “ Na a Co,)* 10 e.c. 0*75 0*5 7 5 5*0 0 

0*1 “ HOI J 10*95 10*55 10*1 12*7 8 15 0 

The six solutions were now exactly alike; neutral to test papers 
and contained the same amounts of diastase and sodium chloride. 
They had, however, been exposed to the action of the al>o\e percent¬ 
ages of sodium carbonate for 1 hour at 40° V, Their atnylolytic 
power was now determined in the usual manner (action on I gram of 
starch in a total dilution of 100 c. c.) with the following results: 


No. 

Wt.Cuin M 

Total amount 
mlticliw bodies. 

Man'll **ou\t»tn*d 

1 

0*1739 grain. 

0*3558 gram. 

32 02 per mil 

2 

0*1737 

0*3551 

31*07 

3 

0*1745 

0*3570 

33 13 

4 

0*0341 

0*0722 

5*10 

5 

0 0319 

0*0678 

<M0 

6 

0*0281 

0*0002 

5*11 


No destructive action is apparent until 0*025 per cent, sodium car¬ 
bonate is reached; warming the malt extract with 0*005 percent, 
sodium carbonate causes no destruction whatever, while with 0*025 
per cent, destruction is very great. The amount of malt c\tract 
(30 c. o.) experimented with, being the same as was used in deter¬ 
mining the influence of alkaline carbonate on the amylolytie power 
of the ferment, the two series of results are directly comparable and 
show plainly that the retarding action of small percentages, in the 
present case up to 0*005 per cent., is due to simple retardation with¬ 
out destruction of the foment. Beyond this point, however, as in 
the presence of 0*025 per cent, the greatly diminished amylolytio 
action is due to destruction of the ferment. Tlenco it would appear 
that in the case of the diastase of malt the destructive action of 
sodium carbonate is out of all proportion to its retarding action. 
This apparent difference, however, between diastase and the ptysilino 
of saliva is due, as we shall show later on, to tin 1 comparatively 
small amount of proteid matter in the malt extract. Saliva very 
greatly diluted, so that the percentage of protoid matter is reduced 
to a minimum, shows similar results. 

Influence of neutral peptone on the amylolytio action of diastase. 

It was demonstrated some time since,f that the presence of neutral 
peptone tends to increase the amylolytic action of neutral saliva. 

* The two equalizing mixtures were united before being added to the main solutions, 

f Chittenden and Ely, Amer. Chem, Jour., vol. iv, 107. 
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Langley and Eves* have confirmed this statement, although they do 
not believe in the theory of a direct stimulation of the ferment, 
advanced by one of us. We find now that neutral peptone added to 
a neutral solution of malt diastase, similarly increases its amylolytic 
action; the increase being even greater than noticed in the case of 
neutral saliva. Two series of experiments were tried with the fol¬ 
lowing results; the peptone used bciug made perfectly neutral with 
a dilute solution of sodium carbonate. 


a, with 15 c. o. of the standard malt extract. 


Peptone. 

Wt. Ou xu 

Total amount 
reducing bodies. 

Starch converted. 

0 

0*1140 gram. 

0*2320 gram. 

20*88 per cent. 

0*1 porcent. 

0*1545 

0*3154 

28*38 

0*2 

0*1512 

0*3081 

27*75 

0*3 

0*1494 

0*3018 

27*43 

0*5 

0*145'? 

0*2970 

26*73 

1-0 

0*1421 

0*2910 

26*19 


6. with 30 c. o. 

of the standard malt extract. 

0 

0*1785 gram. 

0*3G54 gram. 

32*88 per cont. 

0*1 por cont. 

0*184'? 

0*3772 

33*94 

0-3 

0*1912 

0*3916 

35*24 


Peptone causes increased amylolytic action throughout; with 15 
c. c. of malt extract, the smallest amount of peptone gives the 
greatest acceleration, which slowly diminishes as the percentage of 
peptone is increased; with 30 c. c. of malt extract, however, accel- 
ei'ation, which is much less than in the preceding series, increases 
with the increase in peptone. It is hard to find any reason for this 
acceleration in amylolytic action, other than a direct stimulation of 
the ferment. 

Influence of sodium carbonate on the amylolytic action of diastase 
hi the presence of proteid matter . 

Protoid matter tends to prevent the retarding action of sodium 
carbonate on this ferment, as in the case of the salivary ferment. 
Thus, the addition of neutral peptone to a malt extract allows vigor¬ 
ous amylolytic action to take place in the presence of percentages of 
sodium carbonate, which alone would completely destroy the ferment. 
The following experiments, using 15 c. c. of the standard malt extract 
in each instance, illustrate the influence of peptone on the action of 
sodium carbonate. 


* Journal o£ Physiology, vol. iv, No. 1. 
Trans. Uonn. Aoad., Vol. VIT. 1 


Oot., 1885. 
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With 0-r> per cent neutral peptone. 




Total amount 


tfaiCO,. 

Wt < u in « £. 

reducing bodioH. Staieli comet toil 

0 

0-13K8 giarn. 

0-2828 grain. 

25*15 per mil 

0*001 per coni. 

0-M43 

0-21)12 

20*11 

0 002 

o-i m 

0-2018 

20*21 

o*oo;i 

0-1485 

0*3030 

21*21 

0*001 

0 ‘ltot 

0*2800 

25*11 

0 005 

0*1406 

0-2801 

25-17 

0-010 

0-1311 

0-2682 

21*13 


It is thus seen that the presence of 0*5 per cent, of neutral peptone 
entirely pi*events the retarding action of the several percentages of 
sodium carbonate, except in the last experiment of the series where 
slight retardation is apparent. It is to be remembered here that 
even 0*005 per cent, of sodium carbonate alone, almost completely 
stops the action of the ferment. What at first sight appears to be 
strange in this last series of experiments, is that the first three per¬ 
centages of sodium carbonate cause a gradual increase in amylolytie 
action over that of the neutral fluid plus like percentage of peptone. 
The explanation of this, however, is quite simple. In studying the 
influence of neutral peptone on the action of the torment (15 c. c. 
malt) it was found that the greatest acceleration of amylolytie action 
was obtained with the smallest percentage of peptone, and moreover 
that ferment action diminished in proportion as the peptone was 
increased. Now peptone undoubtedly prevents the action of sodium 
carbonate on the ferment toy combining with it, forming an alkaline 
earbonate-proteid compound, possessed of but little retarding action ; 
hence in the above experiment the first action of the smallest percen¬ 
tages of sodium carbonate is to diminish the amount of free peptone, 
thus causing slight acceleration ; further on, however, the increased 
amount of alkaliue-proteid body formed, counteracts the accelerating 
influence of the free peptone, when gradual retardation commences; 
finally, increase in the percentage of sodium carbonate leads to tin* 
presence of free sodium carbonate, when amylolytie action comes to 
a sudden standstill. This point being reached, increasing the per¬ 
centage of peptone prevents the stoppage of ferment action. This 
is well illustrated by the following series of experiments, using larger 
percentages of both peptone and sodium carbonate, but 15 e. c. of 
the malt extract, as before. 
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Neuhil luptoue 

1*0 per cont 
1 0 
1 0 
1*0 
I 0 
12*0 


N^CO* 

0 

0*010 per cent. 
0-025 
0*050 
0-100 
0-100 


Wt. <’u In H- 
0*2078 giam 
0*1583 
0-1520 
0-1351 
0*0080 
0*1341 


Total amount 
i educing bodies. 

0*4.268 gram 

0 3234 

0*3122 

0-2751 

0*0200 

0*2730 


Starch 
convex ted 

38 41 per cent. 

29*10 

27*09 

24 78 

1*88 

24*57 


I lore, as before, the retarding action of sodium carbonate is held 
in check by the peptone, although there is slight retardation due to 
the alkaline-proteid body formed. Finally, the percentage of sodium 
carbonate being increased beyond the necessary pi-oportion of pep¬ 
tone, there is a sudden cessation of ferment action. Increasing the 
amount of peptone, however, prevents this retarding action; evi¬ 
dently the alkaline-proteid body is without much effect ou the fer¬ 
ment, only slowly diminishing its amylolytic power. 


Influence of acidproteids on the amylolytic action of diastase. 

Falk has noticed that peptone prevents to a certain extent, the 
retarding action of dilute acid on this ferment; no quantitative 
results, however, have been recorded, nor has any attempt been made 
to ascertain whether said action is due to simple retardation, or 
destruction of the ferment, or both. The action of acids, whether 
free or combined with proteid matter, on the diastase of malt is 
particularly important, in view of the rapid passage of the ferment 
into the stomach when taken in therapeutical preparations. Its 
ultimate fate must depend in great part upon the action of free and 
combined (proteid) hydrochloric acid upon it. It is, moreover, im¬ 
portant to compare the behavior of the ferment in this respect, with 
the amylolytic ferment of saliva. 

An aqueous extract of malt prepared as described, contains but 
little proteid matter; as a rule 2-0-2-5 c. o. of 0-1 per cent, hydro¬ 
chloric acid are required to completely saturate the proteid matter 
contained in HO e. c. of the neutral malt extract. This point was 
ascertained by use of the tropaoolin test for free acid as recommended 
by Danilewsky.* Thus, by way of illustration, in one instance 30 c. c. 
of carefully neutralized malt extract required the addition of 3*3 
c. t*. 0*1 per cent. IIC1 to give the tropaeolin reaction for free 
acid, and since nothing smaller than 0*003 per cent, free IIC1 can be 
detected by this method, it follows, making the proper deduction, 
that 2*3 c. c. of 0*1 per cent. HC1 are required to completely saturate 

* Otmtmlbl. Med. Wiss., 1880; also description in Trans. Conn. Acad., vol. vi, p. 360, 
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the proteid matter in 30 c. c. of the extract, which would then contain 
0*0023 per cent, combined 1101 in the form of acid-proleids.* 

Our first experiments were made to ascertain the influence ol small 
percentages of combined acid on the action of the ferment, viz: the 
influence of such additions of dilute acid to the neutral malt extract 
as would completely saturate the proteid matter present, without 
giving any free acid whatever. The results plainly show that the 
addition of very small quantities of dilute hydrochloric acid to a 
neutral solution of diastase increases the amylolytio action of the 
ferment. Following are a few of the results obtained. 

A. Malt extract, neutral to test papers, required 2*1 e. e. 0*1 per cent. 
HC1 to completely saturate the proteid matter in 30 e. e.; the 
fluid was then acid to test papers but contained no free acid. 



a. with 30 e. c*. 

ni tlu* mall extract 


Per (cut. 
combined HU 

% 

Wt. Ou. in U 

Total amount 

reducing bodies, si u<h convert* d 

0 

0*1030 giam 

0*3332 gum 

20*08 percent. 

0-0024 

o-mo 

0-3578 

32-10 


b with 15 c. i\ 

ol tilt* limit exturt 


0 

0-1285 ginm. 

i) 2510 urnm 

23 51 pel i*ent, 

0-0012 

0-1 too 

0 2070 

20*78 

Malt extract, 

neutral to test papers, required 

3-1 e, e. 0*1 per cent. 

HC1 to saturate the proteid matter in 30 «. c. of the extract. 


tu with 30 <\ c. 

of the malt ext met 


Pci real 
combined HIM 

Wt. Ou in «*. 

Total amount 

reducing bodies. Starch lonverled 

0 

0-1505 gram. 

0*3258 gram. 

20*32 per cent. 

0-0031 

0-1*701 

0-3002 

32-11 


Ik with 16 e.e. 

of Iho malt uxtniel 


0 

0*1310 gram. 

0*2080 gram 

21*17 per emit. 

0-00155 

0-1500 

0-320(1 

20-30 

With 30 0. C. 

of malt extract: 

; two distinct preparations. 

Per cent, 
combined HC1« 

Wt. Ou lu & 

Total amount 
reducing bodies. 1 

81meh roumlnri. 

0 

0-1575 gram. 

0*3214 gram, 

28*02 pur eont. 

0-0023 

0-1766 

0-3012 

32-50 

0 

0-1681 

0-3438 

30 04 

0-0023 

0-lTtO 

0-3020 

32*58 


* Doubtless, however, it is not wholly us UCl-protoid, since tho extract frequently 
contains a trace of sodium lactate. 
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Suoli a degree of uniformity in the results, makes it evident that 
the slight accelerating action of the acid-proteid is a constant one 
under the above conditions, and indeed all of our results in this 
direction dearly indicate such to be the case. 

Although acid-proteid thus accelerates amylolytie action, it is still 
able under hlightly different conditions to retard the action of the 
torment and even cause destruction; thus by warming the amount 
of ferment (30 c. o. malt extract), used in the preceding experiment, 
at 40° V. lor 1 hour with the acid necessary to saturate the proteids, 
in a total volume of 50 c. c., thus doubling the percentage of acid, 
amylolytie action was found on subsequent neutralization and testing 
with starch paste, to be very much diminished. The following results 
obtained with the two malt extracts used in 0 illustrate this point: 


tt. h. <\ d. 

Permit Ht'l . 0 0*004(1 0 0*0040 


Malt extract.... B0e c, .*J0 e. «\ 30»c. c*. 30 c. c. 

0*1 percent. 11(3 0 2*3 4 ‘ o 2*,*J “ 

11*0. 20 “ 17-7 20 “ 17*7 “ 

50*0 e. e. RO'Oe.c. 50*0 e. e 50*0 c. o. 


These solutions were warmed at 40° C. for 1 hour, then neutraliz¬ 
ing and equalizing mixtures were added, after which amylolytie 
action was determined by adding starch paste, diluting to 100 c. c., 
warming at 40° O. for 30 minutes, etc., with the following results, 
expressed in the percentage of starch converted into sugar. 

a. b. c. d. 

--A- % ,-*-N 

30-21 21*71 20*25 22*06 

Hence, it is apparent that under these conditions, aeid-proteids may 
exert a destructive action on the ferment. This destructive action 
takes place with considerable degree of rapidity, as is shown by the 
following experiment, which at the same time illustrates the acceler¬ 
ating action of smaller percentages of combined acid and confirms 
the preceding experiments. 

The neutral malt extract required 2*4 c. c. 0*1 per cent. HOI to 


combine with the proteid matter in 30 c. c. 

Destructive action. 

Accelerating action. 

_ 



2. 

3. 


S. 

Malt extract. 

30 o. a 

30 a t*. 

30 e, c. 

30 c. e. 

30 e.c. 

0*1 per coni. 1101 

0 

2*4 “ 

2-4 “ 

0 

2*4 “ 

il a O. 

20 “ 

H-6 “ 

17*6 “ 

70* 

70* “ 


50 “ 

50 w 

50 “ 

100 

100 

Per cent. TI01... 

0 

0*0048 

0*0048 

0 

0*0024 


# Containing one gram of starch 
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The amylolytic action of 4 and 5 was tested directly by warming 
the mixtures at 40° C. for 30 minutes and then determining the 
amount of reducing bodies. No. 1 (the control) was warmed at 4'0° 
C. for 30 minutes, while No. 2 was warmed at the same temperature 
for 15 minutes and No. 3 for 30 minutes. Neutralizing and equnliz- 


ing mixtures were added as follows: 



1 . 

2. 

e?. 

0*1 per cent Na fl 00s.. - 0 

3*5 c. c. 

3*5 c. c. 

{ 0*1 per cent. HOI. 2*4 c. c. 

0 

0 

( 0*1 per cent. Na^COr?_ 3*5 *• 

0 

0 


All three were then mixed with one gram of starch and made up 
to 100 c. c. in order to determine amylolytic action; each solution 
was neutral and contained the same quantity of sodium chloride as 
well as the same amount of ferment and starch. Following are the 


results of all five: 


No. 

Wt. Cu in H. 

reducing: bodies. 

Staieli converted. 

(1 

0*1630 gram. 

0*3332 gram. 

29*98 per cent 

] 3 

0*1253 

0*2554 

22*98 

( 3 

0*1195 

0*2434 

21*90 


0*1628 

0*3322 

29*89 

1 5 

0*1749 

0*3578 

32*19 


It is thus seen that with this amount of ferment, 0*0024 per cent, 
combined acid causes an acceleration in amylolytic action (Nos. 4 
and 5) amounting to over 2 per cent, in the quantity of starch con¬ 
verted, while warming the same amount of ferment with the same 
amount of acid, but under a less degree of dilution, causes a destruc¬ 
tion of the ferment amounting to 1 per cent, in the conversion of the 
starch; 15 minutes longer at 40° C. causes only a slightly increased 
destruction. 


Influence of acid-peptone . 

By increasing the amount of proteid matter, larger percentages of 
hydrochloric acid can be added to a malt extract without retarding 
the action of the ferment or even interfering with the accelerating 
action of the smaller percentages. As previously stated, Falk has 
shown that peptone prevents to a certain extent the retarding action 
of hydrochloric acid, but it does more than this, it causes accelera¬ 
tion in ferment action not only in neutral solution, as already shown, 
but in an acid solution likewise, provided there is an excess of pep¬ 
tone present, in which case the acid-peptone compound formed, causes 
greater acceleration than the same percentage of peptone alone 
would do if added to a neutral solution of the ferment. The follow- 
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ing experiments, which we have repeated many times, testify to the 
accuracy of this statement: 


Per emit. 
Peptone. 

P<i cent, 
combine d IIC1 

Wt. Cu m %. 

Total amount 
reducing hodit 

st uch 
concerted. 

0*2 

0 

0-2118 gram. 

0 4356 giam. 

39*20 per cent. 

0 2 

o-ooon 

0 2168 

0*4400 

40*11 

0*2 

0*0005 

0*2115 

0*4348 

3013 

02 

0*0030 

0*2165 

0 4154 

40 IS 

0-2 

0*0050 

0*2175 

0*4478 

40*30 

0-2 

0 

0 1730 

0*3540 

31*86 

0*2 

0*0003 

o*m6 

0*3532 

31*78 

0*2 

0*0005 

0*1802 

0*3688 

3317 

0*2 

0*0010 

o*m4 

0*3672 

33 04 

0*2 

0*0030 

o*i765 

0*3610 

32 49 

0*2 

0*0050 

0*1775 

0*3632 

32*68 


Acceleration in amylolytic action is here quite noticeable; the pep¬ 
tone, however, is in considerable excess. As the peptone approaches 
saturation, retardation commences as is shown by the following ex¬ 
periments ; such a point being reached, however, retardation can be 
completely prevented by increasing the amount of peptone. 


Percent. 

Peptone 

Pei cent, 
combined HC1. 

Wt. Cu m % 

Total amount 
reducing bodies. 

fctareh 

converted. 

02 

0 

0*1716 gram. 

0*3508 gram. 

31*57 per cent. 

0 2 

0*008 

0*1732 

0*3424 

30*81 

0*2 

0*010 

0*1631 

0*3334 

30*00 

0*2 

0*012 

0*1442 

0*2940 

26*46 

0*5 

0 

0*1633 

0*3338 

30*04 

0*5 

0*012 

0*1652 

0*3376 

30*38 

0*5 

0*025 

0*1170 

0*2384 

21*45 

The 

peptone employed 

in this last experiment required 11*8 c. c. of 


0*1 per cent, hydrochloric acid to completely saturate 0*2 gram, con¬ 
sequently in the fourth experiment the peptone was more than com¬ 
pletely saturated with acid, but the amount of free acid could have 
been only 0*0002 per cent. In the last experiment, however, retard¬ 
ing action is due wholly to acid-peptone, no free acid at all being 
present. Increasing the percentage of combined acid still further, 
the proteid matter at the same time being just saturated, causes far 
greater retardation in the action of the ferment. 


Per vent. 
Peptone. 

Percent, 
combined HOI. 

wt. Cu in & 

Total amount 
reducing bodies. 

Starch 

converted. 

0*5 

0 

0*1607 giam. 

0*3282 gram. 

29*53 per cent. 

0*5 

0*012 

0*1661 

0*3394 

30*54 

0*5 

0*015 

0*1670 

0*3412 

28*70 

0*5 

0*025 

0*1202 

0*2448 

22*03 

0*5 

0-036* 

0*0317 

0 0674 

6*06 


* With this percentage the peptone is exactly saturated with acid. 
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All of those results show acceleration under the influence of small 
percentages of combined acid, followed, as the percentages arc in¬ 
creased, by decided retardation, thus agreeing with the results pre¬ 
viously obtained witli the salivary ferment. 

The destructive action of small percentages of acid-peptone on the 
ferment is not great in the presence of an exceBb of peptone, but as 
the peptone approaches saturation its destructive power is increased, 
and when completely saturated with acid, a moderate amount of 
peptone so combined will quickly and completely destroy the fer¬ 
ment. This is plainly shown in the following series of experiments: 

1. 2, 3. 4. 


Malt extract.15 c. c. 15 c. c. 15 c c. 15 e. c. 

Peptone sol.*. 20 20 20 20 

HC1 0*1 per cent. 0 12 4 

H a O.15 11 13 11 

50 50 50 50 

Peptone. 0*1 per cent. 0*1 percent. 0*1 percent. 0*1 percent. 

Combined HOI. 0 0*002 0*004 0*008 


These mixtures were warmed at 40° C. for 30 minutes. 20 c. c. of 
the peptone solution together with 15 c. c. of the malt extract re¬ 
quired 4-0 c. c. of 0-1 per cent, hydrochloric acid to saturate the 
proteid matter, consequently in the above mixtures, 2 and 3 contained 
a large excess of uncombined peptone, while in 4 the proteid matter 
was just saturated. 


Neutralizing and equalizing 
follows: 

mixtures were 

added 

to each as 

1 . 

2, 

3. 

4* 

0*1 per cent. NatQOj J ... 0 

1*5 c.c. 

3 o. o. 

5*9 C.C. 

( 0‘1 “ NasCOa.5*9 o. c. 

4*4 

2*9 

0 

(0-1 11 HOI .4*0 

3*0 

3*0 

0 


The solutions were now, on being diluted to 100 c. c., in every re¬ 
spect equal. Their amylolytic power on being tested with starch 


paste was as follows; 

Wt. Cn in 

Total amount 

Starch 

No 

reducing bodies. 

converted. 

l 

0*1595 gram 

0*3258 gram. 

20*32 p< 

2 

0 152*7 

0*3118 

28*06 

8 

4 

0*3239 

trace. 

0*2522 

22*60 


Hence, when the proteid matter present is only one-quarter satu¬ 
rated with acid, the acid-peptone so formed may exert some destruc- 

* The peptone solution contained 0*250 gram peptone in 100 c. c. water and was 
made neutral to test papers,* 20 c. c, therefore contained 0*050 gram peptone. 
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tive fiction on the ferment; when half saturated, destructive action is 
more pronounced ; when wholly saturated it is, under the above con¬ 
ditions, complete*. 

Frequently, such small percentages of combined acid as the above 
will have no retarding eifoct whatever on amylolytic action, though 
if the ferment bo warmed for half an hour with the same percentage 
of peptone and combined acid, its subsequent amylolytic power will 
be much reduced, owing to a partial destruction of the ferment. 
This is well illustrated by the following series of experiments: 



A. 



B. 


z. 

2. 

\ 

3. 

A 

5. 

6. 


Mall extract. 

15 c. e 

15 c. c. 

15 c. c. 

15 c. c 

15 c c. 

16 c. c. 

0*1 percent HCL. 

0 

1 

2 

0 

2 

4 

Poptone sol. 0*5#.. 

10 

10 

10 

20 

20 

20 

H a O. 

25 

24 

23 

65* 

63* 

61* 


50 

50 

50 

100 

100 

100 

Combined TIOl.... 

0 

0 *002# 

0*004# 

0 

0 *002# 

0*004# 

Peptone. 

0 1# 

0 1 

0 1 

0 *1# 

0 1 

0*1 


Nos. 4 , 5 and 6 were warmed directly, with the starch, for 30 min¬ 
utes at 40° 0. and the reducing bodies determined. Nos. 1, 2 and 3 
were warmed at 40° C. also for 30 minutes, then neutralizing and 
equalizing mixtures were added, the solutions diluted to 100 c. c. and 
wanned with 1 gram of starch for 30 minutes at 40° 0. The follow¬ 
ing results show the amylolytic power of the six solutions: 

Total amount Starch 

No Wt. Ou in xeducing bodies. converted. 

r l 0*1482 gram. 0*3024 gram* 27 21 percent. 

A.-] 2 0*1412 0*2876 25*88 

( 8 0*1351 0*2754 24*78 

1 4 0*1504 0*3256 29 30 

TUr> 0*1028 0*3324 29 91 

( <S 0*1605 0*3282 29*52 

In series A, we see a gradual decrease in the amylolytic power of 
the solutions; this can be due to nothing but the destructive action 
of the acid-peptone compound, for the solutions are in every respect 
alike, being in the same degree of dilution and containing the same 
amount of sodium chloride, etc. The destruction is not great, as 
the peptones are in considerable excess. In series B, where the fer¬ 
ment is exposed to the direct action, in the presence of the starch, of 
the same percentage of peptone and acid there is no retardation of 

* Containing 1 gram of starch. 

Thanh, (Jonk. Apad., Yol. TIT. 


8 


Oot,, 1886 . 
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amylolytic action whatever; presumably because of the rapid action 
of the ferment and the slow retarding action of the aci(l-poptone. 

Influence of free acid on the amylolytic action of diastase. 

As might be expected, free hydrochloric acid, even in very small 
quantity at once stops the amylolytic action of this ferment, quickly 
destroying it. It is interesting, however, to compare the action of 
very small percentages of free acid with results obtained in like 
manner with the salivary ferment. The first experiment gave the 
following results: the malt extract used, required per 80 c. c., 2*4 c. c. 
0*1 per cent, hydrochloric acid to saturate the proteid matter. 


For cent 
combined HC1. 

Per cent, 
fiee HC1. 

Wt. Ou lu )*£. 

Total amount 
reducing bodies 

ht&tch 

convened. 

0 

0 

0*1318 gram 

, 0*2808 gram. 

25*21 poroont. 

0*0024 

0 

0*1584 

0*3236 

29*12 

0*0024 

0*003 

0*1486 

0*3032 

21 29 

0*0024 

0*003 

0*0805 

0*1642 

14*11 


With another malt extract not so active, but containing the same 
percentage of acid-proteids, the following results were obtained: 

Total amount 

Free HC1. Wt. Cu m reducing bodice. btareli converted. 

0 0*0*180 gram. 0*1592 gram. 14-32 per cent. 

0*0003 per cent. 0*0119 0*1410 13*23 

0*0005 0*0631 0*1294 11*64 

0*0020 0*0380 0*0*796 1*16 

0*0030 0*0091 0*0222 1*09 

From these two series of results it is quite evident that a very small 
percentage of free hydrochloric acid will stop the amylolytic action 
of this ferment. The main action of the acid is that of destruction, 
killing the ferment very quickly. The following is a sample of 
several experiments tried, to ascertain how far retardation is duo to 
destruction of the ferment. 


Neutral malt extract.... 

30 c. e. 

& 

30 c.c. 

3 . 

30 c.o. 

4* 

30 c.o. 

0*1 per cent. HOI to saturate proteids 

2*2 “ 

2 2“ 

2*2 “ 

2*2 « 

0*1 per cent HOI for free acid. 

0 

0-5 “ 

1*0 “ 

1-5 “ 

H a O. 

17*8 “ 

11-3 •> 

16*8 “ 

10 3 « 

Per cent free HCL-. 

50 “ 

0 

50 “ 

(t-001 

50*0 “ 
0*002 

50*0 “ 

0*003 


These solutions were warmed at 40° C. for 30 minutes, then neu¬ 
tralizing and equalizing mixtures were added and the amylolytic 
power determined. No. 1 converted the usual amount of starch into 
sugar, but No. 2 showed only a trace of amylolytic power and Nos. 
3 and 4 none at all. Evidently then 0*001 per cent, of free acid had 
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all but completely destroyed the ferment by 30 minutes warming at 
40° C. 

In conclusion then, we have to notice a greater susceptibility on 
the part of this ferment to the action of aeid-proteids and free acid 
than the salivary ferment. Whether this latter point constitute^ 
any real difference, it is hard to say, since the apparent increase in 
amylolytic action noted in the presence of traces of free acid in the 
case of saliva (O’OOOl-O'OOOfi per cent, free HCl) involve such small 
quantities as to make the results somewhat questionable,* since such 
very small additions of acid might perhaps be used up by the phos¬ 
phates or other salts present. But taking the evidence of the results 
and comparing them with results obtained in like manner with the 
diastase of malt, it would certainly appear that the latter is more 
susceptible to the action of free acid than the salivary ferment, 
though both are very readily destroyed by a few thousandths of one 
per cent, of free IIC1. 

In other respects, the ferment of malt behaves similarly to the fer¬ 
ment of saliva; both act better in a neutral than in an alkaline 
solution; proteid matter too, preveuts the retarding action of alka¬ 
line carbonate and thus, as in the case of saliva, the action of a given 
percentage of sodium carbonate on diastase is dependent in part, 
upon the concentration of the fluid and the consequent amount of 
proteid matter present. Neutral peptone, moreover, exerts a direct 
stimulating effect on the amylolytic action of neutral diastase. 
Greatest amylolytic action, as in the case of saliva, is, however, ob¬ 
served in the presence of proteid matter partially saturated with acid, 
but larger percentages of acid-proteids may cause complete destruc¬ 
tion of the ferment. The accelerating action of proteid matter is in 
great part duo to its power of combining with both acid and alkaline 
carbonate, but in addition we cannot but recognize a direct stimula¬ 
tion of the ferment, as in the action of neutral peptone on a neutral 
solution of diastase. 

Lastly, it is evident from these results, that diastase taken into the 
stomach must sooner or later be completely destroyed, by either the 
free acid or the large percentage of acid-proteids; but in the first 
stage of digestion, in the absence of free acid and under the protect¬ 
ing influence of proteid matter the conversion of starch into sugar 
may still go on, though soon destined to feel the effects of the 
gradually increasing percentage of combined acid. 

* See Chittenden and Smith, Trans. Conn. Acad., vol. vi, p. 370. 



V.— iNFLrENOE OF (MARTAIN TilKRAPKUTK 1 AND ToXK 1 AGENTS ON 

THE AMYLOLYTIO ACTION OF SALIVA. By B. II. OlHTTHNDKN AND 

II. JVL Painter, B.A., Pii.B. 

Few attempts have been made to ascertain, experimentally, the 
influence of therapeutic and toxic substances on amylolytic action. 
Yet in view of the important part which the ferment of saliva plays 
in the digestive processes of the body and in view likewise of the 
great susceptibility of the ferment, it would seem especially desirable 
to obtain accurate data regarding the effects of many substances on 
its amylolytic power. 

While many laborious investigations have, from time to time, been 
undertaken to ascertain the influence of some one or more substances 
on the metabolism of the hody, the influence of the same sub¬ 
stances on the digestive processes has apparently been very little 
considered, with the exception, however, of the moro common 
alkali and alkali-earth salts. Likewise too, the possible action 
of many toxic substances on the digestive processes, as iu chronic 
cases of poisoning, has with a few exceptions been almost entire¬ 
ly ignored; yet in both of these instances it is possible that much 
light might be obtained by a knowledge of the influence of individual 
substances upon proteolytic and amylolytic action.* 

With these thoughts in mind, the present investigation was under¬ 
taken, and the results which we present here plainly show the import¬ 
ance of the work. 

In selecting substances for study, we have chosen not only those 
noted for therapeutic or toxic power, but also those possessed of 
antiseptic or germicidal properties; our object being to hoc how far 
the unformed ferment of the saliva corresponds, in its behavior 
towards these bodies, with the formed or organized ferments.f Morc- 

* An interesting table of comparisons by Wernitz shows the relative action of 
several therapeutic agents, on the various enzymes of physiological interest.—Brini- 
ton’s Pharmacology, p. 86. 

| A difference m action by the same substance upon formed and unformed ferments 
is, as stated by Brunton, a fact of great importance, for upon it may depend a useful 
application of the substance in medicine; thus creosote, which has but a slight action 
upon pepsine and ptyaline, will kill bacteria in a dilution of 1 to 1000, and thus tins 
agent can be used to arrest fermentation in the stomach depending on the presence of 
low organisms, while the proteolytic action of the digestive ferment is but little 
interfered with.—Brunton, p, 8*J. 
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over, only neutral bodies could be experimented with, since the 
smallest quantity of either free acid or alkali would exert its own 
peculiar destructive action on the ferment.* In view of this fact also, 
wo have invariably used chemically pure salts and those frequently 
reerystallized to be sure of the abseuce of deleterious impurities. 


Method employed. 

A few preliminary experiments clearly indicated that the presence 
of very small percentages of foreign substances exercise a decided 
effect on the amylolytic action of saliva, and thus the investigation 
resolved itself into a study, not of the percentages requisite to com¬ 
pletely hinder the power of the ferment, under given conditions, but 
of the relative action of small percentages on the amylolytic power 
of the ferment. This seemed to us the more important, since we soon 
found that substances which, present in comparatively large amount 
tended to hauler amylolytic action, would when present in small 
quantities actually increase the activity of the ferment. Hence, we 
deemed it best to use accurate quantitative methods for determina¬ 
tion of amylolytic action ; such as would indicate small variations 
with certainty. 

The experiments were made in series, in which one digestion of 
each series served as a control for comparison. The volume of each 
digestive mixture was 100 c. c., in which was present 1 gram of per¬ 
fectly neutral potato starch, previously boiled with a portion of the 
water, 10 c. c. of a diluted neutral salivaf and a given quantity of the 
substance to be experimented with. The mixtures were warmed at 
40° 0. for 30 minutes, after which further action of the ferment was 
stopped by heating the solution to boiling. The extent of amylo¬ 
lytic action was then ascertained by determining in one-fourth of the 
solution, the amount of reducing substances by Allihn’sJ gravimetric 
method. From the amount of reduced copper thus obtained, the 
total amount of reducing bodies was calculated (as dextrose), from 
which in turn was calculated the percentage of starch converted. 

* Chittenden aud Smith, Transactions Uonn. Acad. Arts and Sciences, vol vi, p. 
343. 

f The saliva was human, mixed saliva, freshly collected. It was prepared for use 
by being filtered, made exactly neutral, then diluted in the proportion of 1:5, Thus 
in each digostion there were present 2 a c. of uudiluted saliva. 

| Zoitschnft fur Analytische Chemie, Jahrgang xxii, p. 448, 



Mercuric chloride ,. 


Sternberg* places mercuric chloride first in the list of germicides; 
its presence to the extent of 0*003 percent, being sufficient to pre¬ 
vent the development of the micrococcus of pus, while 0*005 per cent, 
destroys the vitality of the same bacterial organism. 

To our surprise the salt acts even more energetically on the unor¬ 
ganized ferment of the saliva, as the following results show: 


h*ci 2 

Wt. Cu In & 

Total amount 
reducing bodies. 

Stiu eh 
converted. 

0 

0*2385 gram. 

0*4920 gram. 

44*28 pov cent. 

0*0005 percent. 

0*1277 

0*2500 

22*50 

0*0010 

0*0025 

0*1880 

10*92 

0*0020 

0*0395 

0*0824 

7*41 

0*0030 

0-0040 

0*0060 

0 




It is evident that the ferment of saliva is very susceptible to the 
action of this poison, and we have repeated the experiment, using 
still smaller percentages, with the following results: 


HgCla. Wt. Cu in 54. 

0 0*1635 gram. 

0*0001 percent. 0*1610 
0-0002 0*1570 

0*0003 0-1545 


Total amount 
reducing bodies. 

0*3340 gram. 
0*3288 
0*3204 
0*3152 


Staieli 

converted. 

30*06 per cont. 
29*59 
28*83 
28*36 


The smallest possible addition, therefore, of mercuric chloride dimin¬ 
ishes the amylolytic power of saliva, in proportion to the amount of 
mercury salt added. 


Mercuric bromide , mercuric iodide and mercuric cyanide. 

These salts of mercury, vigorous in their action as poisons, and 
the two former as germicides likewise, would be expected from 
analogy to act similarly to the chloride. Such we find to be the case 
with the bromide and iodide, but with the cyanide there is to be 
noticed, to a slight extent, an action which we find common to many 
substances, viz: increasing the amylolytic power of the ferment 

* Amer. Jour. Med. Sciences, April, 1883, p. 321. 

For the action of the various salts studied in this work, on the organized ferments, 
see also Marcus and Pinet in Compt. Rend, Soc. de Biolog., 1882, pp. 718-724, or ab¬ 
stract in Jahresbericht fur Thierchemie, 1882, p. 515 j also Oh. Richet in Compt. Rend., 
vol. xcvii, pp. 1004-1006, or in Jahresbericht fur Thierchemie, 1883, p. 418, and 
Robert Koch, Jahresbericht fur Thierchemie, 1881, p. 471, N. Jalan do la Croix, 
Jahresbericht fur Thierchemie, 1881, p. 476. Brunton’s Pharmacology, p. 96, 
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when present in one percentage and diminishing it when the percent¬ 
age is increased. On account of the insolubility of mercuric iodide 
and bromide, these salts were dissolved in water containing potassium 
iodide and sodium chloride respectively, in such proportion that the 
various digestive mixtures contained the same percentages of these 
salts as they did of the mercury salts.* Following are the results 
obtained: 


Meicury salt. 

Wt. Cu in hi. 

Total amount 
reducing bodies. 

Starch 

converted. 

0 

0*1295 gram. 

0*2636 gram. 

23*72 per cent 

HgBr 2 

0*0005 per cent. 

0*1150 

0*2344 

21*09 

0*0010 

0*0770 

0*1572 

14*14 

0*0020 

0*0340 

0*0720 

6*48 

Hgli 

0*0010 

0*1257 

0*2560 

23*04 

0*0020 

0*1180 

0*2404 

21*63 

Hg(CN), 

0*0005 

0*1375 

0*2800 

25*20 

0*0010 

0*1445 

0*2944 

26*49 

00020 

0*1242 

0*2528 

22*75 

0*0030 

0*1252 

0*2552 

22*96 

0 

0*1319 

0*2684 

24*15 

Hg(0N) 3 

0*0500 

0*1025 

0*2084 

18-15 


In this series of results, it is to be noticed that mercuric bromide 
is the most energetic in its hindering action; 0*0005 per cent, being 
even more effective than 0*002 per cent, of the iodide. With the 
cyanide, however, the first two percentages stimulate or in some way 
give rise to an increased amylolytic action and even 0*050 per cent, 
of the salt does not retard the action of the ferment as much as 0*001 
per cent, of mercuric bromide. 

Cupric sulphate . 


With this salt the following results were obtained: 


CUS 0 ,+ 5 H 2 0 . 

Wt. Cu In H- 

Total amount 
reducing bodies. 

Starch 

convened. 

0 

0*1712 gram. 

0*3500 gram. 

31*50 per cent 

0*0005 per cent. 0*1445 

0*2944 

26*49 

0*0020 

0*0530 

0*1096 

9*86 

0*0100 

0*0250 

0*0540 

4*86 

0*0250 

0 



* Apparently, the 

double salts so formed act as vigorously as the mercury salt 

alone could do. 
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The hindering action of the copper salt is nearly as pronounced as 
that of mercuric chloride and even more so than the bromide and 
iodide of mercury. 

Lead acetate . 

With this salt, the smaller percentages experimented with show n 
slight stimulating action; hut the larger percentages fail to retard 
the amylolytic action of the ferment as the preceding salts. 

Total amount Starch 

in)C0 2 U 4 0 2 )s+3H 2 0. Wt. Cuin >£. reducing bodies. converted. 


0 

0-1630 gram. 

0 3332 gram. 

29*98 por coni. 

0*0003 por cent. 

0-1642 

0*3356 

30*20 

0-0005 

0-1635 

0*3340 

30*00 

0-0010 

0-1635 

0*3340 

30*00 

0-0020 

0-1595 

0*3256 

29-30 

0-0050 

0-1395 

0*2840 

25*50 

0-0100 

0-1402 

0-2856 

25*10 


A second series of experiments, with still larger percentages of the 
lead salt, gave the following results: 

Total amount Man'll 

PbtCsH. l 02)2+3n S! 0. Wt. Cu In M- reducing bodies. converted. 


0 

0*1742 gram. 

0*3501 gram. 

32-01 por ooi 

0*05 per cent 

0*1135 

0-3548 

31*93 

0*10 

0*1120 

0-3516 

31*61 

0*30 

0*1651 

0-3384 

30*45 

0*50 

0-1555 

0-3112 

28 54 

3*00 

0*1315 

0*2800 

25*20 

3*00 

0-0186 

0*1600 

14*40 

5*00 

0-0490 

0*1016 

9*14 

Thus, the presence of even five per cent, of lead 
completely prevent amylolytic action. 

acetate fails 


Areenione oxide . 



Owing to the comparative insolubility of this substance in neutral 
fluids, small percentages only could be experimented with. With 
these, the following results were obtained: 


Afl s 0 3 . 

Wt. Cu in 

Total amount 
reducing bodies. 

Starch 

converted. 

0 

0*1415 gram. 

0*3004 gram. 

21*03 p< 

0*0003 per cent. 

0*1501 

0*3012 

21-64 

0*0005 

0*1531 

0*3136 

28-22 

0*0010 

0*1415 

0-3004 

21*03 

0*0020 

0*1510 

0-3204 

28*83 

0*0050 

0*1390 

0*2832 

25-43 

0*0900 

0*1605 

0*3216 

29*48 


Although the results obtained do not wholly accord with each 
other they still plainly show that arsenious acid, to the extent pres- 
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ent in these experiments, stimulates the amylolytic action of the 
ferment; a fact which might be expected, assuming that the acid 
combines with the proteids of the saliva, for as has been elsewhere* 
shown, acid-proteids when present in not too large an amount 
increase the amylolytic action of the salivary ferment. 

Schafer and Bohmf state that arsenious acid has no influence 
whatever on the conversion of starch into sugar by a glycerine ex¬ 
tract of the pancreas. Possibly they sought only for retarding 
action, or it may be that the pancreatic ferment differs in this respect 
from the ferment of saliva. 


Arsenic acid. 

This substauce being still more acid than the preceding, might 
naturally be expected to diminish amylolytic action, when present in 
quantities which in the preceding would increase the activity of the 
ferment; and indeed there is to be seen in the results, a slight in¬ 
crease, followed by a rapid decrease of amylolytic action. 


Total amount Starcli 


H 3 AS 04 . 

Wt. Cu In ft 

reducing bodies. 

converted 

0 

0*1755 gram. 

0-3588 gram. 

32*29 per cent. 

0*0005 per cent. 

0-1705 

0 3608 

32-47 

0*0010 

0*1635 

0*3340 

30-06 

0*0030 

0-0310 

0*0660 

5-94 

0*0060 

0 




With 0*005 per cent, of arsenic acid present in the fluid, no reduc¬ 
ing bodies were formed in the thirty minutes of the experiment, but 
the solution did become clear, showing the formation of soluble 
products. The same fact was observed in the presence of larger 
percentages of the acid; the starch solution becoming clear, after 
the addition of saliva, even in the presence of one per cent, of the 
acid, although, as before, no reducing bodies were formed. 


Ammonium arsenate. 


With this salt the following results were obtained 


(NH 4 >jA«0 4 . 


o 

0-0005 per cent 
0*0010 
0*0050 
0*0150 
0*0250 


Wt. On In ft 
0*152*7 gram. 
0*1620 
0*1630 
0*1675 
0*1145 
0*1700 


Total amount 
reducing todies. 

0-3112 gram. 

0-3308 

0-3340 

0-3420 

0-3688 

0-3416 


Starcli 

converted. 

28*08 per cent. 

29*77 

30*06 

30*78 

32*11 

31*28 


* Chittenden and Smith, Trans. Conn. Acad., vol. vi, p. 343. 
f Abstract in Jahresbericht fur Thierchemie, 1872, p. 365. 

Trans* Conn. Acad,, Vol. VII. 9 Got., 1885. 
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In a second series, larger percentages were used with the following 


results: 

(NH 4 ) {ABO 4 . 

W< On In H- 

Total amount 
reducing bodies. 

Starch 

converted. 

0 

0-1712 gram. 

0*3500 gram. 

31*50 pur cent. 

0*05 per cent 

0-1475 

0*3004 

21*03 

0*10 

0-1147 

0*2332 

20*98 

0-50 

0-0105 

0*0308 

3*31 

1*00 

The solution boenme clear but no reducing bodies woro formed. 

With this salt, 

a very decided stimulation of tlie ferment is to bo 

observed in the 

presence of 

small, percentages, while increased 

amounts of the salt ultimately stop diastaiic action. 


Potassium antimony tartrate. 

Two series of experiments were tried with this salt, with the foh 

lowing results; 

K(St> 0 )C 4 H 4 Og« 

Wt. Cu in h 

Total amount 
reducing bodies. 

Starch 
eonyerU d. 

0 

0-1640 gram. 

0*3144 gram. 

28*29 por cent. 

0*001 percent. 

0*1610 

0*3288 

29*59 

0*005 

0*1060 

0*3392 

30*52 

0*010 

0*1760 

0*3000 

32-40 

0*050 

0*1760 

0*3600 

32*40 

9 0*100 

0*1145 

0*3568 

31*11 

0*200 

0*1*150 

0*3580 

32*22 

0 

0*1645 

0*3152 

28*36 

0*10 

0-1850 

0-3788 

34 09 

0 30 

0*1640 

0-3362 

30*10 

0*50 

0*2505 

0-5304 

41*13 

1*00 

0*1570 

0-3204 

28*83 

2*00 

0*1232 

0-2504 

22*53 

6*00 

0*0470 

0-0976 

8*78 


Here we have an illustration, more forcible than with any other 
salt, of the power possessed by many substances of both increasing 
and diminishing the action of the ferment. One* of us has for some 
tame held that the addition of very small quantities of hydrochloric 
acid to neutral saliva tends to increase the araylolytic power of the 
ferment; that this tabes place even when the proteids present are 
completely saturated with the acid, or in other words when there is 
present a very small amount of free acid, provided the acid-proteids 
are not present in too large an amount. It is well known that free 
hydrochloric acid, when present to the extent of a few thousandths 
of one per cent, completely stops the action of the ferment. Langley 

. * Chittenden and Smith, Trans. Conn. Acad., vol vi, p. 360. 
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and Eves* make this divergence of action of one and the same sub¬ 
stance a ground for questioning the accuracy of such a view, for, say 
they, “since 0*0015 per cent. HC1 decreases amylolytic action it 

seems very unlikely that 0*0005 per cent, should increase it.” The 

action of many neutral salts here experimented with, where both 
stimulation and retardation are obtained, plainly show that such a 
double action, dependent simply on quantity is not an impossible one. 

Stannous chloride . 

With this salt very marked results were obtained as follows: 

Total amount Starch 

SnCl* Wt. Cu in reducing bodies. converted. 

0 0*1475 gram. 0*3004 gram. 27*08 per cent. 

0*0003 percent. 0*1582 0*3232 29*08 

0*0010 The solution became dear, but no reduction. 

0*0050 The starch was not at all altered in appearance. 

Here there is stimulation, followed by rapid and complete stopping 
of amylolytic action. 

Zinc sulphate . 


ZnS04+7H*0. 

Wt. Cu iu H' 

Total amount 
reducing bodies. 

Starch 

converted. 

0 

0*1495 gram. 

0*3048 gram. 

27*43 per cert. 

0*0003 per cent. 

0*1490 

0*3040 

27*36 

0*0005 

0*1510 

0*3088 

27*79 

0*0010 

0*1475 

0*3004 

27*03 

0*0020 

0*1440 

0*2936 

26*42 

0*0060 

0*1360 

0*2772 

24*94 

0*0100 

0*1260 

0*2576 

23*18 

0 

0*1375 

0*2800 

25*20 

0*05 per cent. 

0*0775 

0*1480 

13*32 

0*10 

0*0650 

0*1332 

11*98 

0*30 

0*0450 

0*0936 

8*42 

0*44 

0 

. 



These two series of experiments plainly show a gradually dimin¬ 
ished amylolytic action, as the percentage of the zinc salt is in¬ 
creased, until with 0*4 per cent, a complete stoppage is effected. 

Kjeldahlf found a like retarding action on the addition of zinc 
sulphate to a malt extract. 

In this connection it is interesting to note that SterabergJ finds 
zinc sulphate devoid of germicide value, even when used in the 
proportion of 20 per cent. 

* Journal of Physiology, vol. iv, No. L 
f Jahresbericht fur Thierchemie, 1879, p. 382. 
f Amer, Jour. Med. Sciences, April, 1883, p. 330. 
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JSerric chloride , 


With this salt we obtained the following results: 




Total amount 

converted 

F0.CV 

Wt. Cu in k 

i educing bodies. 

0 

0 3710 gram. 

0*8560 gram. 

32*01 permit. 

0*0005 percent. 

0-1501 

0*3200 

SO 31 

0*0020 

0-IH31 

0 0908 

8*17 

0*0100 

0*0095 

0*0230 

2*12 

0*0250 

0 



Sternberg states that tincture of 

ferric chloride is 

effective as a 


germicide (upon micrococcus) when present to the extent of 4 per 
cent. On the unformed ferment of the saliva, it is, as the results 
show, much more active, its hindering action being directly propor¬ 
tional to the percentage of iron salt present. 


leirous sulphate. 

With this salt of iron quite different results were obtained; and 
as we wished simply to compare its action with that of the ferric 
salt, only very small percentages were experimented with. 


FeS0 4 +7H 2 0. 

0 

0*0005 percent. 
0*0020 
0-0100 


Total amount 

Wt. Cu in reducing bodies. 

0*1245 gram. 0*2532 gram. 

0*1037 0*2108 

0*1328 0*2092 

0*3366 0*2780 


Starch 
convex tc<l. 

22*78 per cent. 

18-1)7 . 

24*22 

25*02 


Here there is decided stimulation with the two larger percentages, 
while the smallest per cent, shows an apparent decrease of amylolytic 
action. 

Kjeldahl* found that this salt exercised a strong hindering action 
on the amylolytic ferment of malt. 


Potassium permanganate. 

Sternberg places this salt next to mercuric chloride in germicide 
value, it being efficacious in 0*12 per cent. With the unformed fer¬ 
ment of the saliva it is likewise active, although no more so than 
many other salts experimented with. Following are the results: 


KgMnjOg. 

0 

0*006 per cent 
0*025 


Total amount 

Wt. Cu in reducing bodies. 

0*1475 gram. 0*3004 gram. 

0*1012 0*2060 

0 


Starch 

concerted. 


27*03 per coat. 
18*54 


* Jahresbericbt for Thierchemie, 1879, p. 382. 
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Magnesium sulphate . 


With this salt we obtained the following results: 


MgSOi+lHaO 

o 

0*025 per cent. 
0*500 


Wt Cu in H' 
0*1475 gram. 
0*1597 
0*0510 


Total amount 
ieducing bodies. 

0*3001 grarn. 
0*3260 
0 1056 


conA erted. 

27 08 per cent. 
29*34 
9*50 


Here, there is a slight increase of diastatic action with the smallest 
percentage, while 0*6 per cent, of the salt greatly retards the action 
of the ferment. 

Pfeiffer* has likewise noticed the retarding effect of this salt on 
salivary digestion. 

Potassium cyanide . 

This salt, so powerful as a poison, was found to have a decided 
effect also on the salivary ferment, causing a rapid decrease in 
amylolytic action. 

' Total amount Starch 


KCN 

Wt. Cu in 

reducing bodies. 

converted. 

0 

0*1245 gram. 

0*2532 gram. 

22*78 per cent. 

0*0005 per cent. 

0*1080 

0 *2$00 

19*80 

0*0010 

0*0896 

0*1828 

16*45 

0*0030 

0*0330 

0*0700 

6*30 


With 1*0 per cent, and even with 5*0 per cent, of potassium 
cyanide, the starch solutions became clear on the addition of saliva, 
showing that the ferment was able to effect some change, although 
in neither case were any reducing bodies formed. 

It is our intention at some future time, to study the exact nature 
of the products formed under such conditions. The ferment appears 
to be peculiarly affected; for while a very small percentage of a 
substance like potassium cyanide or borax will completely prevent 
the formation of reducing bodies, increasing the amount of substance 
added a hundred-fold, has no effect on the clearing up of the starch 
solution by the ferment. Some light may be thrown upon the nature 
of the ferment or its mode of action. 


Potassium fm'ocyanide. 


A preliminary experiment showed that this salt was less active 
than the cyanide and therefore larger percentages were used, with the 
following results: 

Total amount Starch 

K^FcCCNJe+SHjO. Wt. Cu In leducmg bodies. convened. 


0 


0*1417 gram. 0*2884 gram. 


25 96 per cent. 


0*025 percent. 0*1497 

0*100 0*1875 

0*250 0*1025 


0*3052 

27*46 

0*2800 

25*20 

0*2084 

18*80 


* Oentralbl, Med. Wiss., 1885, p. 328, abstract 
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Here, unlike the cyanide, there is stimulation of the ferment. 
Retardation of amylolytic action requires much larger percentages; 
thus 1*0 percent, of ferrocyanide completely prevented the formation 
of reducing bodies, although soluble starch was apparently formed, as 
also in the presence of 5*0 per cent, of the salt. 


Potassium ferr icy anule. 

The action of this salt is almost identical with that of the ierro- 


cyanide. 

K 8 re g (ON) l2 . 

o 

0*026 percent 
0-100 
0 250 


Wt Gu in M. 

0 1417 gram. 
0-1615 
0*1295 
0-0975 


Total amount 
reducing bodies 

0-2884 gram. 

0-3088 

0-2036 

0-1984 


Rtaioh 

converted. 

25-90 per cent. 

27-79 

23-72 

17-85 


Like the ferrocyanide, this salt in 1-0 and 5*0 per cent, solutions 
allows the partial conversion of starch into soluble products, but 
no reducing bodies are formed. 


Potassium nitrate and potassium chlorate . 


Potassium 

salt. 

Wt. Cuin X- 

Total amount 

1 educing bodies. 

Staich 
con veiled. 

0 

0-1513 gram. 

0-3080 gram. 

27-72 percent 

oro 3 . 

0*20 percent 

0-1550 

0*3164 

28-47 

0-50 

0*1528 

0*3108 

27*97 

1-00 

KClo 3 . 

0*1462 

0-2976 

20-78 

0*20 

0-1581 

0-3228 

29-05 

0*30 

0-1580 

0-3228 

29-05 

1*00 

0-1600 

0*3268 

29*41 

With 5*0 per cent of the salts, the following results were obtained: 

Potassium 

salt 

Wt. Cu iu X' 

Total amount 
reducing bodies. 

Starch 

converted. 

0 

0*1672 gram. 

0-341C gram. 

30*74 por cent 

KN0 3 (5-0 pr. ct) 

0*1559 

0-317G 

28*58 

KClOa (6*0 pr. ct) 

0*1351 

0*2752 

24*76 


With these two salts it is very obvious that small fractions of one 
per cent decidedly increase amylolytic action and that potassium 
chlorate is the more energetic of the two in this respect With one 
per cent, of the salts, potassium chlorate still shows increased action, 
while the nitrate causes a decrease of amylolytic activity; in the 
presence of 5 per cent of the salts, on the other hand, potassium 
chlorate causes the greatest decrease in ferment action. 

Of these two oxidizing agents, potassium chlorate docs not appear 
to have been hitherto experimented with, but with potassium nitrate 
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0. Nasse* found increased amylolytic* action with human saliva in 
the presence of 4*0 per cent, of the salt. Possibly this difference in 
our results is dependent in part upon difference in the relative amount 
of salt and ferment. 

Sodium tetraborate [Na 3 B 4 O 7 + 10H a O], 

With this salt experiments were tried with quantities varying from 
0*050 to 3*0 per cent, and in each instance the starch was dissolved, 
but no reducing bodies whatever were formed. Dumasf has pre¬ 
viously noted a like retarding effect on the diastatic action of emul- 
sin, diastase and other like ferments. Sternberg states that this salt 
is without germicide value, even though used in a saturated solution; 
its antiseptic power, i. e. its capacity for preventing the multiplica¬ 
tion of bacterial organisms, is, however, considerable. 

Potassium h'omide and potassium iodide . 

These two common therapeutic agents gave the following results: 


Salt used. 

Wt. Cain#. 

Total amount 
reducing bodies. 

Starch 

converted. 

0 

0*1483 gram. 

0*3020 gram. 

27*18 percent. 

KBi. 

0*5 per cent. 

0*1566 

0*3192 

28*12 

3-0 

0*1450 

0*2956 

26*60 

5*0 

0*1314 

0*2668 

23*51 

KL 

0*5 

0*1550 

0*3164 

28*47’ 

3*0 

o*i55i 

0*3172 

28*54 

5*0 

0*1461 

0*2984 

26*85 


Both of these salts show a stimulating action which is more per¬ 
sistent in the case of the iodide than with the bromide; 5*0 per cent, 
of the bromide causes a marked diminution of amylolytic action. 

Sodium chloride. 

Previous experiments have been tried with this salt by several 
investigators, notably by O. Nassef and E. Pfeiffer.§ The former 
found that the presence of 4*0 per cent, of the salt [the only percent¬ 
age experimented with] caused an increase in the ferment action of 
saliva [128:100]; the latter experimenter likewise found that the 


* Pfliiger’s Archiv. fur Physiologie, vol. xi, p. 150. 

1 Berichte der deutsch. Chem. Gesell., vol. v, p. 826. 

X Pfluger’s Archiv fur Physiologie, vol. xi, p. 155* 

§ Centralbl. med. Wiss., 1885, p. 329. 
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presence of the salt, in concentrations up to 2 per cent., greatly in¬ 
creased the amylolytio action of saliva. 

Our results with different percentages are as follows: 


NilCl 

Wt. Cu In 

Total amount 
i educing ImmUoh. 

starch 
con vetted. 

0 

0*1660 gram. 

0*3*192 gtam. 

30*52 pot* writ 

0*3 por cent. 

0*1705 

0*3608 

32*11 

05 

0*1750 

0*3580 

32 22 

10 

0*1715 

0*3501 

31*53 

2*0 

0*1115 

0*3504 

31*53 

3*0 

0*1710 

0*3020 

32*58 

5*0 

0*1630 

0*3332 

29*98 


These accord with the results mentioned above and show, more¬ 
over, that with 5*0 per cent, of the salt, hindering action just com¬ 
mences. Increasing the amount of salt beyond this point, however, 
only slowly diminishes the action of the ferment; thus, in the pres¬ 
ence of 10*0 per cent, of the salt, 22*78 per cent, of starch was con¬ 
verted into sugar, while without it 25*20 por cent, of starch was 
converted. 


Morphine sulphate . 

With this alkaloid O. Nasse* has experimented, using, however, 
the acetate. He found that the presence of 0*1 per cent, of the salt 
caused a slight increase in the diastatic action of saliva (100: 100). 
Our results with the sulphate of morphine are as follows: 

Total amount Starch 

Alkaloid Balt. Wt. Cu la J£. reducing bodU'H. < diverted. 

0 O'1245 gram. 0*2532 gram. 22'18 por cent. 

0*05 per cent. 0-U15 0*2880 25-1)2 

0*50 0-160G 0*3216 20*48 

2*00 0*1428 0*2008 26*17 

The stimulating action of the alkaloid salt up to 2*0 per cent, is 
very apparent. 


Quinine sulphate, * 

With the acetate of this alkaloid, Nassc found, by the use of 0*1 
per cent., an increase in the starch-converting power of the saliva 
(115:100). With the sulphate we obtained the following results: 

Total am ount Starch 

Alkaloid salt. Wt, Guinj<* reducing bodies. converted. 

0 0*1358 gram. 0*2168 gram. 24*91 percent, 

0*05 percent. 0*1475 0*3004 27*03 

0*50 0*1365 0*2160 24*84 

2*00 0*0981 0*1996 17*96 


* Pfltiger’s Archiv, vol. xi, p. 161* 
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In accord with Nasse’s result we see that 0-05 per cent, increases 
the amylolytic action of the ferment. This we verified by an addi¬ 
tional experiment which led to a like result, although not showing so 
great a difference as the preceding one; thus, while the saliva alone 
converted 23*72 per cent, starch into reducing bodies, the presence of 
0*05 per cent, of quinine sulphate led to the conversion of 24*58 per 
cent, of starch. Voit, as quoted by v. Boeck,* has stated that qui¬ 
nine is without influence on the ferment of saliva. 

Cinchonine sulphate . 

With this alkaloid, previous experiments have 
edge been tried. Our results are as follows: 

Total amount 

Alkaloid halt. Wt. Cu in H- reducing bodies. 

0 0*1358 gram. 0*2768 gram. 

0*05 per cent. 0*1452 0*2960 

0*50 0*1455 02964 

2*00 0*1440 0*2936 

Ginchonidine sulphate . 

This alkaloid, like the cinchonine, shows a steady accelerating 
action on the ferment. 

Total amount Starch 

Alkaloid salt. Wt. Cu in Jf. reducing bodies. converted. 

0 0*1358 gram. 0*2768 gram. 24*91 per cent. 

0*05 percent. ' 0*1505 0*3068 27*61 

0*50 0*1460 0*2976 26*78 

1*75 0*1498 0*3056 27*50 

The cinchona group of alkaloids thus show throughout an acceler¬ 
ating influence on amylolytic action, most pronounced in the case of 
cinchonidine. These alkaloids have long been known to prevent 
putrefaction and to check alcoholic fermentation and Binzf has 
demonstrated that this antiseptic action, in the case of quinine at least, 
is due to the poisonous influence exerted by the latter upon the fungi 
which are the immediate cause of the putrefactive changes. Oouzen, 
moreover, has shown that the action of cinchoaine on infusoria and 
on fermentation is similar to that of quinine, but weaker. Henoe 
there is no similarity of action whatever, on the two kinds of fer¬ 
ments. 

* Zeitschrift fur Biologie, vol. vii, p. 428. 
f Virchows Arehiv, vol xlvi, 1869, p. 68. 

TRAXS. CONN. Acad., Tol. TIL 10 Oofl\, 1885, 


not to our knowl- 


convertcd. 

24*91 per cent. 
26*64 
26*67 
26*42 
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Atropine sulphate. 


With this alkaloid we obtained the following results: 




Total amount 

Man'll 

Alkaloid sail. 

W1. On lu M. 

u due In# bodies. 

< nnmtwl 

0 

0*1485 gram. 

0 3028 gram. 

27*25 pur cent. 

0*025 per cent. 

0*1400 

0*2976 

20 78 

0*050 

0*1410 

0*2872 

25*02 

0*200 

0*1530 

0 3124 

28*11 

0*500 

0*1407 

0*2864 

25*77 

1*000 

0*1475 

0*3004 

27*03 

2*000 

0*1245 

0*2532 

22*78 


The main action of the smaller percentages of this alkaloid seems 
to be a slightly hindering one, although there are one or two irregu¬ 
larities in the results which are not readily explainable. In the 
presence of 2*0 per cent, of atropine sulphate there is a decided 
diminution in amylolytic action. 

In connection with this alkaloid we have to note some recent ex¬ 
periments of Stolnikow* of St. Petersburg. This investigator, pro¬ 
ducing artificial fever in dogs by the injection of putrid matter into 
the blood found, first, that the salivary and pancreatic secretions 
were for a time increased in amount and then rapidly diminished and 
finally entirely ceased. This latter action of the septic poison, 
Stolnikow found to be very persistent and he moreover states that 
in physiological action the septic poison resembles atropine. Fur¬ 
thermore that artificial fever, produced as described, exercises a 
decided influence on the content of ferments in the pancreatic 
gland; that in fevers of short duration (2-10 hours) the ex¬ 
tract of this gland has a more energetic ferment action than the 
normal extract, while in fevers of long duration the corresponding 
extract has a much weaker action. Overlooking now the physiologi¬ 
cal explanation suggested for these facts we come to the chemical 
one, viz: that the septic poison possibly exerts either a destructive 
or hindering influence on the ferment or its action. In support of 
this view, Stolnikow found that large quantities of the poison did 
weaken the amylolytic and proteolytic action of extracts from the 
pancreatic gland, although small quantities of the septic ferment 
were without action. Likewise, Stolnikow states that small quanti¬ 
ties of atropine sulphate are without action on a glycerine extract 
of the pancreas, but by adding to 10 c. c. of a glycerine extract, 
5 c.c. of a 3*0 per cent, atropine sulphate solution and allowing the 
mixture to stand at the ordinary temperature for 10 hours, then on 

* Beitrage zur Lehre van der function des Pancreas im Pieber. Virchow’s Arehiv, 
VOl* xc, p. 389, 1882. 
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testing the amylolytic power of the ferment its action was found to 
be much weaker than the control. From this fact, Stolnikow consi¬ 
ders that the septic poison acts upon the ferment outside the body 
in a manner similar to atropine. 

Now it is obvious, in view of the extreme susceptibility of the 
ferments of the saliva and pancreas to the action of acids and alka¬ 
lies, that the atropine solution must be perfectly neutral. Several 
specimens of atropine sulphate that we have examined, have had a 
slight acid reaction. 

In view of the apparent identity of the amylolytic ferments of the 
salivary and pancreatic secretions we have repeated in principle 
Stolnikow’s experiment with human saliva, using perfectly neutral 
atropine sulphate. 

To 10 c. c. of the dilute, neutral, saliva hitherto used, 0*3 gram of 
pure atropine sulphate was added (=3*0 per cent, of the alkaloid 
salt, while Stoluikow’s mixture contained hut 1*0 per cent.) and 
the solution allowed to stand for 18 hours at the Laboratory tempera¬ 
ture. On now being added to the starch solution, diluted up to 100 
c. c. [0-3 per cent, atropine sulphate] and placed at 40° 0. for 30 
minutes, the starch paste quickly became clear and it was found on 
examination that 29*16 per cent, of starch had been converted, 
while the control, in the presence of 0*2 per cent, of atropine sul¬ 
phate, showed a conversion of 28*11 per cent, of the starch. Heuce 
there had been no destruction of the salivary ferment by even 3*0 
per cent, of pure atropine sulphate, although as our previous experi¬ 
ments show very much smaller percentages may, by their presence, 
hinder tlw action of the ferment 

Strychnine sulphate and brucine sulphate. 

0. Nasse has previously studied the influence of 0*1 per cent, 
strychnine acetate on the diastatic action of saliva and has noted a 
slight increase in amylolytic action in the presence of the strychnine 
[109:100]. Our results with the two alkaloids are as follows: 


Alkaloid 

Wt. Cu in & 

Total amount 
reducing bodies. 

Starch 

converted. 

0 

0*1486 gram. 

0*3028 gram. 

27*26 per cent. 

Strychnine sulphate. 

0*060 per cent 

0*1444 

0*2936 

26*42 

0*260 

0*1448 

0*2936 

26*42 

0 600 

0*1462 

0*2976 

26*78 

Brucine sulphate. 

0*060 per cent 

0*1503 

0*3060 

27*64 

0*600 

0*1624 

0*3100 

27*90 

1*000 

0*1606 

0 3060 

27*64 



WJ=5 
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With the brucine salt a slightly increased action is noticed in all 
three of the experiments; while with strychnine a constant diminu¬ 
tion in amylolytic action is to be seen. 

In this connection it is to be remembered, that a trace of free acid 
in the alkaloid salts would introduce an appreciable error into the 
results, and therefore all of the alkaloid salts experimented with, 
were especially purified for this purpose, any adhering acid being 
removed by repeated crystallization, etc. 

The following table shows the relative acceleration and retardation 
of the various salts (the percentages more generally used) compared 
with their controls expressed as 100. 
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Influence of gases on the amylolytic action of saliva. 

The well known analysis by Pfhiger * of the gases of the submax¬ 
illary saliva have shown the presence of both oxygen and carbonic 
acid in this secretion; oxygen to the extent of 0*6 vol -per cent, and 
carbonic acid, by pump extraction, 22-5 vol.-per cent. It is, moreover, 
a well known fact that as the saliva flows into the mouth and 
becomes mixed with the food during mastication much air is ab¬ 
sorbed. Do these three gases exert any influence on the amylolytic 
action of the ferment with which they are so constantly in contact ? 

Again, the amylolytic ferment of the pancreatic secretion, so near 
akin, it not identical with the salivary ferment, is subjected to the 
influence ol* the reducing gases of the intestinal canal, among which 
hydrogen may be present to the extent of 22*0 f vol.-per cent, and 
hydrogen sulphide in traces. What likewise is the effect of these 
two gases on amylolytic action ? 

The experiments were conducted as follows: 90 c. c. of diluted 
starch paste were placed in small, partially stoppered flasks and a 
stream of the gas allowed to pass through, until the fluid was thought 
to be saturated, then 10 c. c. of dilute saliva were added and the gas 
allowed to bubble through the solution for 30 minutes when the 
mixtures were boiled and the reducing bodies determined. Follow¬ 


ing are the results: 

Total amount Starch. 

Gases. Wt. Culnj<. * reducing ho dies. converted. 

0 0-1319 gram. 0 2684 gram. 24*15 per cent. 

Air.0*1365 0*2780 25*02 

Oxygen.0-1511 0*3080 27*72 

Carbonic acid.0*1537 0*3136 28*22 

Hydrogen sulphide_0*1377 0*2804 25.23 

Hydrogen.0*1248 0*2540 22*86 


It is interesting to see that air, oxygen and carbonic acid all stimu¬ 
late and approximately in proportion to the extent in which they are 
present in the natural secretion, while of the reducing gases hydru- 
gen retards and hydrogen sulphide stimulates. 

The following table shows the relative acceleration and retardation 
of the several gases, compared with the control, expressed as 100. 


Air. 103*6 

Oxygen. 114*7 

Carbonic acid__ 136*8 

Hydrogen sulphide. 104.4 

Hydrogen. 94*6 


* Physiologische Chemie, Hoppe-Seyler, p. 192. 
f Maly in Hermann's Handbuoh der Physiologic, vol. v, p. 25, 
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In accord with our results, Detmer* has found that the presence 
of carbonic acid invariably increases the amylolytic action of the 
diastase of malt. The same fact was previously observed by lfcis- 
witz.)' O. Nassef however, has stated that the activity of ptyaline 
in human mixed saliva is not materially affected by oxygen, hydro¬ 
gen or air. With carbonic acid, however, he noticed acceleration in 
amylolytic action. 

Nature of the action of the metallic and other salts. 

In what manner do the metallic and other salts act when they, by 
their presence, retard or completely stop the amylolytic action of 
saliva? Is it a process of gradual or sudden destruction of the fer¬ 
ment, or does the metallic salt combine with the ferment, forming a 
compound incapable of ferment actiou? or again, is the ferment 
mechanically thrown down with the precipitate of albumin or globu¬ 
lin produced by the addition of the metallic salt to saliva, or lastly 
does the salt by its mere presence introduce a condition unfavorable 
to the action of the ferment ? All of these questions are interesting 
ones, and possibly all of them might be answered in the affirmative 
and he correct for some one or more of the substances experimented 
with. 

It is obvious that the presence of 10 or 20 per cent, of such a salt 
as sodium chloride or potassium nitrate in a digestive mixture might 
retard the action of the ferment, since solutions so saturated, even 
with the products of digestion, do not admit of vigorous ferment 
action. But the larger number of metallic salts decidedly retard 
amylolytic action when present to the extent of only a few thou¬ 
sandths of one per cent., consequently their action must be of an 
entirely different nature. A number of these salts, such as mercuric 
chloride, are well known precipitauts of albumin, hut the saliva being 
so greatly diluted, in great part for this very reason, cannot yield 
sufficient precipitate with the mercury salt to mechanically precipi- 
* tate the ferment. As a matter of fact, when the mercuric chloride 
solution is added to the diluted saliva, a very faint turbidity only, 
is produced. If now, some of the small percentages of mercuric 
chloride-are added to the starch solution and then larger quantities 
of saliva, thus giving a larger amount of ferment together with a 
larger amount of accompanying albumin and globulin, what would 

* Zeitschnft fur physiol. Chemie, vol. vii, p. 3. 
f Berichte d. deutsch. ehem. G&sell., vol. ri, p. 1443, 

\ Pdnger’s Archiv, vol xv, p. 471-431. 
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be the effect on the amylolytic action of the ferment ? Might we not 
expect, knowing that albumin and mercuric chloride readily combine, 
that the proteid matter present in the saliva, would serve as a shield 
to protect the ferment from the action of the mercury or other similar 
metallic salt ? At the same time it might be supposed that, the fer- 
•ment being left intact, any mercury-albumin compound formed might 
retard or destroy the ferment, though less energetically than the 
metallic salt alone. 

In an attempt to throw some light upon these points the following 
experiments were tried: 


Action of mercuric chloride in the'presence of larger amounts of 
ferment and proteid matter . 


a. with 10 c. c. of original saliva. 


HgCl*. 

0 

0-0005 per cent. 
0-0010 


Wt. Cu in 
0-1112 gram. 
0-1135 
0-1695 


Total amount 
reducing bodies. 

0-3624 gram. 

0-3548 

0-3464 


’ Starch 
converted. 

32*61 per cent. 

31-93 

31-16 


0 

0*0005 per cent 


b. with 5 c. c. of original saliva. 
0-1120 gram. 0-3516 gram. 

0-1340 0-2128 


31*64 per cent. 
24-55 


Comparing these results with those previously obtained with the 
same percentages of mercuric chloride, but with 2 c.e. of original 
saliva, we have: 


HgClg 

0 

0-0006 per cent. 
0-001 


Sc.c. saliva. 

44*28 per cent 

23-40 

16*92 


5 c. c. saliva. 

31-64 per cent 
24-55 


lOc.c. saliva. 

32*61 per cent 

31-93 

31-16 


The intensity of action of the mercuric chloride, say 0*0005 per 
cent in the three cases, varies greatly; thus with 2 c. c. of saliva the 
difference in the percentage of starch converted, between the control 
and the 0*0005 per cent, is 20*88, while with 5 c. c. of saliva the differ* 
ence is 7*09 and with 10 c. c. of saliva only 0*68. Obviously then, the , 
action of a given percentage of mercuric chloride can be considered 
as constant only for a given mixture or under definite conditions. 
Moreover, it would appear (in the 10 c.c.) that either the albuminous 
matter of the saliva has combined with all of the mercury, leaving 
the ferment free to act in a normal manner, except so far as it is 
impeded by the mercury-albumin compound, or else that only a small 
proportion of the ferment has been chemically precipitated, leaving an 
amount sufficient for energetic amylolytic action, since, as is well 
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known, increase or decrease in the amount of ferment is not always 
followed by a proportionate change in the amount of reducing bodies 
formed. Of these two views the former is by far the most probable. 
Certainly the ferment is not mechanically precipitated by the formation 
of a mercury-albumin prcipitate; if such were the case with 10 c.c. of 
saliva and O'OOl per ceut. of mercuric chloride, decided retardation* 


ought to have been observed. 


Action of cupric sulphate in the presence of larger amounts of 
ferment and proteid matter . 

a. witn 10 c.c saliva. 


Total amount 

Starch 

CuS0 4 +5H 2 0. 

Wt. Cuin J4. i educing bodies. 

converted. 

0 

0*1830 gram. 0*3748 gram. 

33*73 por cent. 

O'0005 per cent. 

0*1775 0*3628 

32*65 


Difference, 

6 . with 5 c. c. saliva. 

1*08 

0 

0*1745 gram. 0*3568 gram. 

32*11 per cent. 

0*0005 per cent. 

0*1640 0*3352 

30*16 


Difference, 

c. with 2 c. a saliva. 

1*05 

0 

0*1645 gram, 0*3360 gram. 

30*24 por ceut 

0*0006 per cent. 

0*1140 0*2320 

20*88 


Difference, 

9*36 * 

Action of zinc sulphate in the presence of larger amounts of ferment 
and proteid matter . 

a. with 10 c. c. saliva. 

ZuSCh+7Il*Q 

_ Total amount 

Staieh 

Wt. Cu Id 34 reducing bodies. 

convened, 

0 

0*lS30gram. 0*3748 grain. 

33*73 por <*ent 

0*05 per cent 

0*1737 0*3552 

31*00 


Diffeienoo, 

6 . with 5 c. c. saliva. 

1*77 

0 

0‘1745 gram. 0*3568 gram. 

32*11 per cent 

0 05 per cent 

0*1610 0*3288 

20*59 


Difference, 

c. with 2 c. c. saliva. 

2*52 

0 

0*1645 gram. 0*3360 gram. 

30*24 per cent. 

0*05 per cent 

0*1320 0*2688 

2419 


Difference, 

6*05 
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Glancing at the differences in these two series of experiments, we 
see that they accord with w hat was observed iu the case of mercuric 
chloride, viz: that a given peieentage of the metallic salt will pro¬ 
duce a constant result only under definite conditions; increasing the 
proportion of albuminous matter diminishes, as in the case of the 
mercury salt, although not so greatly, the retarding action of the salt. 

Evidently, the metallic salts do not act upon the ferment by their 
mere presence, for if such were the case the mere combination of the 
salt with the albumin present, would not so materially affect the 
result. If, on the other hand, they do act by combining with the 
ferment, forming it may be an insoluble compound or one incapable 
of ferment action, it is fair to presume that the combination would 
take place immediately upon mixing the two or very soon thereafter, 
and thus we should expect that the length of time the two stood in 
contact after the first few minutes, would have no effect on the amyl- 
olytic power of the mixture, while a gradual destructive action would 
be manifested by a gradual decrease of amylolytic power. With a 
view to testing this point we have tried the following experiment. 
Three mixtures were prepared as follows: 


ABC. 

Saliva,. 2 e. c 2 c. c 2 c. c. 

H*0. 8 7 8 

HgCl 2 sol. 0 1 2 

10 10 10 
Per cent HgCl 2 . 0 0*005 0*010 


These were placed in a bath and warmed at 40° C. for 18 hours, 
after which 1 c. c. of the same mercuric chloride solution was added 
to A and then starch and water added to all three, making the 
volume in each case up to 100 c. c. The mixtures were then warmed 
at 40° O. for thirty minutes to test the activity of the ferment; A 
containing now 0*0005 per cent, mercuric chloride, B the same per¬ 
centage and O 0*001 per cent.. In A, 19*8 per cent, of the starch 
was converted into reducing bodies, while in B and C there was no 
amylolytic action whatever. Thus by the previous action, for this 
length of time, of 0*005 per cent, mercuric chloride, the ferment was 
rendered incapable, on subsequent dilution, of exerting any diastatic 
action whatever. 

Again, in a similar manner it was found that by warming the 
saliva for thirty minutes at 40° C. with 0*005 per cent, mercuric 
chloride and then adding starch paste and diluting to 100 c. c. so 
Trans. Cosn. Acad., Vol. VII. U Oot., 1885. 
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that the percentage of mercuric chloride was 0*0005, only 2*0 per 
cent, of the btarch was converted, while the same quantity of saliva, 
in the presence of the same amount of mercury salt (0*0005 per cent.) 
converted 19*00 per cent. ol‘ starch. 

Working with larger amounts of saliva, the following results were 
obtained: 



J. 

B 

a 

Saliva. 

10 c. o 

10 c <i. 

10 o c 

H 2 0 . 

10 

15 

L5 

HgOlj sol. 

0 

\ 

1 


26 

26 


Percent. UgOlj. 

0 

0 002 



B was wanned at 40° C. for 15 minutes and C for 30 minutes; then 
1 c. c. of the mercuric chloride solution was added to and all three 
diluted and mixed with starch paste. The three solutions were now 
exactly alike; all contained the same percentage of mercury salt 
(0*0005 per cent.) but B and C had been previously wanned with 
the salt for 15 and 30 minutes respectively. A, converted 31*32 per 
cent, of the starch, B 20*48 per cent, and O 27’97 per cent. Here 
we have what appears to he a gradual decrease in amylolytic power, 
but it does not seem sufficiently pronounced to account for the action 
of the mercury salt. It would appear rather, in this instance, as if the 
mercuric chloride exercised a selective action, combining with the 
proteid matter of the saliva, leaving the ferment free; but the mer- 
cury-proteid compound, being apparently possessed of some debtruc- 
tive action, exerts its influence, and thus the gradual decrease of 
amylolytic power noticed in B and (7. 

In the previous experiments, on the other hand, where free mer¬ 
curic chloride ib present, there not being sufficient albumin to com¬ 
bine with all of the mercury, there is apparently destructive action. 

Experiments of like nature as the preceding, tried with cupric 
sulphate, gave the following results: 


A. B, O. D. 

Saliva. 2 c # c 2 c. e. 2 c. o. 2 e. c 

H*0. lb 1*1*8 17 8 17*8 

CuSO* sol. 0 0*2 0*2 0*2 

20 20 0 20*0 20*0 

Percent 0uS0 4 --. 0 0*0005 0*0005 0*0005 


B was warmed at 40° C. for 15 minutes, C for 30 minutes and D 
for 1 hour; 0*2 c. c. of the cupric sulphate solution was then added 
to A and lastly starch paste and water to 100 c. c. The amylolytic 
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power of the four mixtures, expressed in the percentage of starch 
converted, was as follows: 


A. B. C. I) 

28-T2 22-35 23-04 20-23 

With zinc sulphate, somewhat similar results were obtained: 

a b. a 

Salifa. 2 c. c. 2 c c. 2 c c. 

H„0. 18 16 1C 

ZnS0 4 sol. 0 2 2 

20 20 20 

Per cent. ZnSOj.. 0 0 05 0-05 


B was warmed at 40° O. for 30 minutes and C for 1 hour; then 2 
c. c. of the zinc sulphate solution wore added to A, and all three 
mixed with starch paste and water to 100 c. c. Each now contained 
0-01 per cent, zinc sulphate and all throe were then warmed at 
40° C. for 30 minutes, to determine the activity of the ferment. A , 
converted 22-24 per cent, of the starch, B 11-88 per cent, and O 
10*98 per cent. 

These experiments would therefore indicate, on the part of the 
metallic salts experimented with, a destructive action towards the 
ferment, though loss of amylolytic power under the conditions of the 
experiments might also be due to more complete precipitation of the 
ferment in the more concentrated solution and under longer exposure 
to a temperature of 40° O. At the same time it is to be noticed, that 
any metallic-proteid compound formed with the above salts, has a far 
less destructive or retarding action than the free salt. Of these, the 
destructive action of mercuric chloride is most pronounced. 

Potassium permanganate acts, doubtless, by direct destruction of 
the ferment through oxidation, while many of the alkali and alkali- 
earth salts produce their retarding effeots by simple clogging of the 
digestive fluid; but the fact that 0-5 per cent, of one salt, as potassium 
antimony tartrate, for example, increases the amount of starch con¬ 
verted 68 per cent., and 0 - 5 per cent, of another salt, as magnesium 
sulphate, diminishes the amount of starch converted by 65 per cent., 
plainly indicates that there is something in the presence of these salts, 
dependent upon chemical constitution, that controls the action of the 
ferment. 







VI* * * § —Influence of Various Inorganic and Alkaloid Salts on 
tiie Proteolytic Action ot' Pepsin-hydrochloric Acid. By 
R. II. Chittenden and S. E. Allen. 

Although many experiments have been tried to ascertain the 
influence of various salts on ferment action since 1870, when Liebig* 
recorded the statement that the fermentative power of yeast is 
somewhat increased by a little potassium or sodium chloride, few 
systematic experiments, with a large variety ol salts, have been made 
with the ferment of the gastric juice. 

Alex. Schmidt fin 1870 studied the influence of sodium chloride 
on the digestive action of pepsin and hydrochloric acid. VVolbcrg \ 
in 1880 studied, with the same ferment, the action of ammonium, 
potassium and sodium salts of nitric, hydrochloric and sulphuric 
acids and also the action of several alkaloids. Wovnitzg and also 
Petit|| have studied the action of several metallic salts. Still later, 
Pfeiffer^ has examined the influence of several alkali and alkali-earth 
salts on the digestive action of pepsin as well as of other ferments. 
Isolated experiments with single salts have likewise been recorded; 
these will he noticed later on. 

It is thus seen that almost all work in this direction has been done 
with salts of the alkali and alkali-earth metals. No systematic 
attempt has been made to ascertain the influence on gastric diges¬ 
tion of the large number of metallic salts, in common use as poisons 
or therapeutic agents. With the exception of a few isolated cases, 
no accurate data are recorded hearing on this question. Observation 
has led to the belief that certain metallic salts interfere with diges¬ 
tion in the stomach, but few quantitative results arc recorded to 
show the truth of such a belief. 

* Ueber Gahrung, Quelle der Muskelkraft und Ernahrung. Soparatabdruck aus don 
Annalen der Chemie u. Pharmacie, 1870, p. 01. 

f Pfluger’s Archiv, vol. xiii, p, 97. Uebor die Beziehirag dos JECochsulzos zu 
einigen fhierisdhen Penaentationsprocessen. 

t Pfluger s Archiv, vol. xxii, p. 291. Ueber den Binfluss oiniger Seize und Alka* 
loiden auf die Verdauung, 

§ Quoted by Brunton. Pharmacology, p. 85-86. 

| Etudes sur les ferments digestifs. Abstract in Jahresbericht fur Pkierchomie, 
1880, p.309. 

T ^«her den EinflusB einige Salze auf versohiedene kiinstliche Yerdammgavorg&nge, 
Abstract in CentralbL med. 'Wise., 1885, p. 328, 
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Our aim has been, therefore, to study more particularly the com¬ 
parative influence on gastric digestion of various percentages of 
those salts, well known as poisons or therapeutic agents, which have 
hitherto been overlooked or but imperfectly studied. At the same 
time in order to make the work more complete, wo have studied 
somewhat, the action of the alkali salts, experimented with by other 
observers. 

Method employed. 

The experiments were conducted in series, in which one of each 
series served as a control for comparison. The artificial gastric juice 
employed, was made from 0*2 per cent, hydrochloric acid and a 
glycerine extract of pepsin, in the proportion of 10 c. c. of the latter 
to 1 litre of the former. The volume of each digestive mixture was 
50 c. c.; made up of 25 c. c. of the above-mentioned gastric juice and 
25 c. c. of 0-2 per cent, hydrochloric acid, containing the salt to be 
experimented with. The material to be digested, consisted of puri¬ 
fied and dried blood-fibrin, prepared by thorough washing with 
water, extraction with cold and boiling alcohol and lastly with ether. 
It was then ground to a coarse powder and dried at 100-110° C. 1 
gram of the fibrin was used in each experiment. The digestive mix¬ 
tures were warmed at 40° C. for two hours, then filtered upon 
weighed filters by the aid of pumps, the residue washed thoroughly 
with water, lastly with alcohol, and finally dried at 100-110° C. until 
of constant weight (48 hours). The amount of fibrin digested or dis¬ 
solved, is a measure of the proteolytic action. 


With this salt two series of experiments were made; one to ascer¬ 
tain the influence of small quantities, the other to show the effects of 
larger amounts of the substance. 


CuS0 4 +."H 2 0. 

Undigested 

residue. 

Fllirln 

digested. 

Ilelative pro 
ljtir act ioi 

0 

0-2854 gram. 

71-46 per cent. 

100-0 

0-001 per cent 

0-2508 

74-92 

104-8 

G'005 

0-2650 

73*50 

102-8 

0*010 

0-3067 

69-33 

97-0 

0-025 

0-3845 

61-55 

8 C-1 

0-050 

0-3877 

61-23 

85-6 

0 

0-2352 

76-48 

100-0 

o-i 

0-5315 

46*85 

61-2 

0-3 

0-7585 

24‘15 

31*5 

0*5 

0‘7976 

20*24 

26-4 

0-8 

0*8214 

17*86 

23*3 

1-5 

0-8480 

15-20 

19-8 
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The action of the salt is very marked; with even 0*010 per cent, 
there is a diminution in proteolytic action amounting to 3*0 per cent., 
while in the presence of 0*5 per cent, of the salt, there is retardation 
to the amount of nearly 75 per cent. The copper salt prevents 
almost entirely the swelling of the fibrin and doubtless its retarding 
action is due in part to this fact. 


Lead acetate . 

In view of the frequent cases ol‘ chronic poisoning with lead salts, 
the influence of the acetate on gastric digestion, seems especially 
interesting. The results, moreover, show decided action on the part 
of the salt; with small fractions of a per cent, pronounced increase 
in proteolytic action is to be noticed, while beyond 0*5 per cent, 
there is sudden and almost complete cessation of ferment action. 
In this respect, the salt acts very differently from the copper salt, 
with which a more gradual diminution is observed. The two largest 
percentages of the lead salt prevented entirely the swelling of the 
fibrin. 


PtHC 2 H ( ,0 2 )2+3H 2 0. 

Undigested 

residue. 

Fibrin 

digested. 

Relative proleo- 
lytic action. 

0 

0*1906 gram. 

80-64 per coni. 

100*0 

0-001 per cent. 

0-1592 

84-08 

104-2 

0*005 

0-1892 

81-08 

100*5 

0*010 

0-1781 

82-19 

101*9 

0*025 

0-1691 

80*09 

103-0 

0 

0-2140 

78*60 

100*0 

0*1 

0*2310 

76*90 

97*8 

0*3 

0-4523 

54*77 

09*6 

0*5 

0*7419 

25.81 

32-8 

0*8 

0*9779 

2-21 

2*8 

1*5 

0*9938 

0*02 

0*7 


Mercuric chloride. 

This salt, which showed such a marked action on the amylolytic 
ferment of the saliva, causes a like diminution of proteolytic action 
in the case of pepsin.; even with 0*001 per cent, there is retardation 
to the extent of over 6 per cent., calling the action of the control 100. 

Petit* very erroneously states that mercuric chloride up to 0*4 per 
cent, does not hinder the action of pepsin. 

* fitudes sur les ferments digestifs. Abstract in Jalirosboricht fiir Thiorehemie, 
1880, p. 309. 
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IhiCl*. 

Uudmostert 

lPSKlUC. 

bib un 

Oldest 0(1. 

IMilm 

piolcoh tu d<tiou 

0 

0*3750 grain 

02 * 11 peril'll!. 

100*0 

0-001 per cent. 

0 4140 

58*00 


0.1 S 

0 005 

0*1210 

57-00 


02-7 

0 

o* l:»o7 

80*03 


100*0 

0*1 

0* L705 

52*35 


00 2 

0-5 

0*0007 

0-03 


11*1 

1*0 

1-0405 

0 


0 


M. Marie* has previously experimented with mercuric chloride 
and has likewise found that small quantities of the salt exercise a 
retarding action upon gastric digestion; that as the percentage of 
corrosive sublimate is increased, the retarding action is correspond¬ 
ingly increased, although this effect is diminished up to a certain point, 
by increasing the strength of the digestive mixture. Marie considers 
that this action of mercuric chloride does not depend upon decompo¬ 
sition of the ferment nor upon a contraction of the albuminous 
matter, but rather that the salt in an acid solution enters into a 
chemical combination with the proteid matter and the latter is thus 
rendered impervious to the digestive action of the ferment. 

In support of this view we offer the fact that fibrin introduced into 
an acid solution of pepsin in the presence of 1 per cent, of mercuric 
chloride, increases in weight; in the experiment given above to the 
extent of 49*5 milligrams. This would clearly indicate a combina¬ 
tion of the two. Moreover, that mercuric chloride does not act 
by destroying the ferment we have ample proof, as the following 
experiment shows: 

- 4 . b. r. 

H a O sol. glycerine pepsin_ 5c.c, 5 c. c. 5 e. c 


HOI (0*2 per cent). 20 20 0 

HgOlu. 0 0*023 gram. 0*025 gram. 

HaO . 0 0 20 c. e. 

• 25 25 c. c. 25 

Per cent. HgOla .. 0 0*1 0*1 


These three mixtures were warmed at 40° C. for 24 hours; then to 
A was added 0*025 gram HgCl a dissolved in 25 c. c. 0*2 per cent. 
HC1, to JB 25 c. c. 0*2 per cent. HC1 and to U 25 e. c. 0*4 per cent. 
HCL The three solutions were now exactly alike; in J5, however, 
the ferment had been exposed to the action of 0*1 per cent. HgCl a in 
an acid solution for 24 hours, in O to the action of the same percent¬ 
age of the mercury salt in an aqueous solution, while A served as 


* Abstract in Jahresberickt fur Tliiercliemio, 1875, p, 168. 
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a control. 1 gram of fibrin was added to each of tho mixtures, which 
were then placed at 40° (\ for 2 hours. B and <7 digested tho same 
amount of fibrin as A , consequently the mercuric chloride could have 
exerted no destructive action whatever on tho ferment. 

Wassilieff,* in IIoppe-Heyler’s laboratory, found by comparative 
experiments that mercurous chloride (calomel) has no (died on the 
proteolytic action of pepsin. 

Mercuric bromide , Mercuric iodide and Mercuric cyanide. 

These three salts of mercury were experimented with, only so far 
as to compare the action of small quantities, with the action of like 
quantities of mercuric chloride. In using the bromide and iodide* it 
was necessary, on account of their insolubility, to dissolve them with 
the aid of an equal weight of sodium chloride, consequently these 
two salts of mercury were doubtless present in the digestive mix¬ 
tures, in part at least, as double salts. Marie, however, found that 
the action of mercuric chloride with small quantities of sodium 
chloride was not different from that of mercuric chloride alone, and 
doubtless the same is true of the iodide and bromide of mercury. 
Following are the results we obtained: 


Mercury 

Undigested 

residue. 

Fibrin 

Kolativc* proteo¬ 
lytic action. 

salt. 

digested. 

0 

0*3590 gram. 

(34*10 percent 

100*0 

HgBr 2 

0*005 per cent. 

0-8*131 

62-69 

97*8 

0*025 

0*3980 

60*20 

93*0 

Hgl, 

0*005 

03114 

68-86 

lOT-'l 

0*025 

0*3904 

60-96 

90-1 

TIg(C£T)a 

0*005 

0-3105 

68*95 

107 5 

0*025 

0*3985 

(30*15 

93-8 

0-100 

0*3183 

68*17 

106*8 


From these it is evident that mercuric bromide is less vigorous in 
its hindering action than mercuric chloride; tho iodide still less so, 
while mercuric cyanide, in similar percentages, appears to cause an 
increase in proteolytic action. The iodide, likewise, in the smallest 
percentage experimented with, causes increased proteolytic action. 
None of these salts then, approach mercuric chloride in the intensity 
of its hindering action on gastric digestion. 


* tJeber die Wirkuug des Calomel auf G&hrimgsprozesse und das Laban von Mikro- 
organismen. Zeuschrift f. Physiologische Chemie, vol. vi, 113. 
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Stannous chloride. 

This salt shows marked action in retarding gastric digestion; its 
retarding effect increasing directly with the amount of stannous 
chloride added. 


SttCl 2 . 

Undoubted 

residue. 

Fibrin 

digested. 

Relative i>r< 
Ijtic actio 

0 

0*2516 gram. 

74*24 per cent. 

100*0 

0*025 per cent. 

0*2*728 

72*72 

97*5 

0*1 

0 4826 

51*74 

69*6 

0*5 

0**7332 

26*68 

35*9 

3*0 

0*8155 

18*45 

24*8 

2*0 

0*9010 

9*90 

13*3 


Arsenious oxide. 

This substance might naturally be expected, in view of its well 
known antiseptic properties, to hinder proteolytic action, more 
or less. It is known to hinder putrefaction and to prevent also the 
fermentative action of yeast. Contrary to our expectations, however, 
the action of ai*senious oxide, so far as it is to be seen, is an acceler¬ 
ating one, causing increased proteolytic action. The following 
results were obtained: 


AsgOj. 

Undigested 

residue. 

Fibrin 

digested. 

Relative pr 
lytic acti< 

0 

0-2111 gram. 

78*89 per cent. 100*0 

0*05 per cent. 

0*1872 

81*28 

103*0 

0*1 

0*2160 

78*40 

99*3 

0*2 

0*1900 

81*00 

302*6 

0*5 

0*1707 

82*93 

105*1 

The stimulating 

action is slight, still it is 

plainly recognizable. 


Drs. Schafer and Bohm* have previously studied the action of arseui- 
ous acid on the digestion of albumin by ai*tificial gastric juice, and 
they came to the conclusion, using 0*02 and 0’04 gram As s 0 8 respec¬ 
tively, in 34 o. c. of fluid containing egg-albumin, that arsenious oxide 
is without influence on the decomposition of albumin by the gastric 
juice ferment. Our results, though not so largo in number as theirs, 
would indicate a slight accelerating action. 

Arsenic is known, when administered in small, repeated doses, to 
act as a tonic; the history of arsenic-eating, indicates that the sub¬ 
stance has some positive tonic influence over nutrition, and Dr. 

* Jahresbericht fur Theirchemie, 18*72, p. 363. TJeber den Einfluss des Arsens auf 
die Wirkung der ungeformten Fermente. 

Trans. Conn. Acad., Yol. YE. 12 


Oot., 1885. 
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Wood* states, “ there is much reason for believing that it acts largely 
as a direct stimulant to nutrition.” The results obtained in our ex¬ 
periments certainly accord with tills statement. 


Arsenic acid. • 


The experiments tried with arsenic acid, tend to confirm the 
accelerating action noticed with arsenious oxide. In the first series 
of experiments the following results were obtained: 


H3ASO4. 

0 

0*2 per cent. 
0*5 
2*0 
5*0 


[Indigested 

residue. 

0 2696 gram. 

0 26H 

01514 

0 2583 

0*3915 


Fibrin 

digested 


73*04 per cent. 
13*86 
84 86 
14 17 
60 85 


Relative piotoo* 
lytic action. 

100*0 

101*1 

116 l 

101*5 

83*3 


The accelerating action is here so very pronounced, that a second 
series of experiments was undertaken by way of confirmation. Those 
give in a general way the same results, although with 0*5 per coni, the 
stimulating action is not so pronounced as in the first experiment. 

These two series of experiments illustrate another point, which it is 
well to mention here, namely: that definite percentages of any par¬ 
ticular substance do not invariably give precisely the same result, even 
when compared with their respective controls. They do, however, 
generally point in the same direction, and although not always giving 
exactly the same numerical expression, they show clearly the nature 
and extent of the action. 


H*Ab0 4 . 

Undigested 

lesiduc. 

Fibrin 

digested. 

Relative proteo¬ 
lytic notion. 

0 

0*2490 gram. 

15*10 per cent. 

100*0 

0*2 per cent. , 

0*2401 

15*99 

101*2 

0*5 

0*2361 

76*33 

101*0 

1*0 

0*2335 

76*05 

102*0 

2*0 

0*2622 

73*78 

98*2 

5*0 

0*3116 

68*24 

90*8 

0 

0*1493 

85*01 

100*0 

10*0 

0*4201 

57*93 

68*1 


Plainly then, arsenic acid in small percentages does accelerate the 
proteolytic action of pepsin-hydrochloric acid, while in large percent¬ 
ages (5-10) it causes a diminution in the action of the ferment. 
Arsenic acid tends to make the fibrin become very gelatinous. 


* Therapeutics, Materia Medica and Toxicology, p. 390, 
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Zinc sulphate. 

With this salt, no experiments appear to have been hitherto made. 
Our results show a decided diminution in proteolytic action, even in 
the presence of 0-01 per cent, of the salt, while with a few thou¬ 
sandths of one per cent, .the figures indicate a slight accelerating 
action. Three distinct experiments were made as follows: 


ZnSO 4+71120. 

Undigested 

loslclue. 

Flbnn 

digested. 

Relative proteo¬ 
lytic action. 

0 

0*1744 gram. 

82*56 per cent. 

100 0 

0*001 per cent. 

0*1609 

83*91 

101*6 

0*005 

0*161? 

83*83 

101*5 

0*010 

0*2053 

79*46 

96*2 

0*025 

0*2573 

74*27 

89*9 

3*000 

0*8400 

16*00 

19*3 

0 

0*1630 

83*20 

100 0 

0*1 

0*4848 

51*52 

61*9 

0*3 

0*7133 

28*67 

34 4 

0*5 

0*7382 

26*18 

31*4 

0*8 

0*7671 

23*29 

27*9 

1*5 

0*8202 

17*98 

21*6 

0 

0*1493 

85*07 

100*0 

1*0 

0*7683 

23*17 

27*2 

A glance at these results, shows plainly a gradual decrease in pro- 

teolytic activity. 




It is to be noticed that in the presence of the larger percentages of 
these metallic salts, the fibrin does not swell up in the 0*2 per cent. acid. 


Manganous chloride. 


In small fractions of one per cent. 

this salt gave such irregular 

results that it is doubtful if they can 

be relied upon 

as expressing 

any particular action. 

, With 0*3 per 

cent, the retarding action of 

the manganese salt commences to be 

very pronounced. Following 

are the results: 




Mndl*. 

Undigested 

residue. 

Fibrin 

digested. 

Relative proteo¬ 
lytic action 

0 

0*1923 gram. 

80*77 per cent. 

100*0 

0*001 per cent. 

0*2022 

79*78 

98*7 

0*010 

0*1816 

81*86 

101*3 

0*025 

0*2066 

79*34 

98*2 

0*050 

0*1855 

81*45 

100*8 

0 

0*1880 

81*20 

100*0 

0*3 

0*3687 

63*13 

77-7 

0*8 

0*6438 

35*62 

43-8 

1*5 

0 6612 

33*88 

41-7 

3*0 

0*7400 

26*00 

82-) 
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Ferrous sulphate and Ferric chloride . 

The salts of iron, doubtless on account of their physiological 
importance and their great therapeutic value, have been experimented 
with by several observers. It has been a prevalent opinion that iron 
salts tend to produce disturbances in gastric digestion. Petit,* how¬ 
ever, states as a result of experiment, that preparations of iron, in 
small quantities, do not hinder the action of pepsin, but in large quan¬ 
tities they retard the action of the ferment, doing so according to 
Petit, by the hydrochloric acid of the gastric juice displacing the acid 
of the iron salt, thus forcing the pepsin to act with a less energetic 
acid. Dusterho£f,f dealing with the same question, came to the con¬ 
clusion that iron salts ot the organic acids, exercise the greatest 
retarding effect on pepsin digestion, and moreover, that ferrous 
salts are better adapted to the organism than ferric salts. Diister- 
hoff also concludes that while the retarding action of iron salts is 
doubtless due, in part, to the setting-free of the acid of the iron salt 
by the acid of the gastric juice, there is in addition a specific action 
of the iron preparation of an unknown nature, prejudicial to digestion. 
Lastly, Bubnow J found that moist ferric hydroxide in small quanti¬ 
ties (not weighed) causes a scarcely recognizable diminution in pro¬ 
teolytic action, while the presence of 1 per cent, of ferrous chloride 
and ferrous sulphate causes marked retardation, as does also an 
excess of ferric hydroxide. The most intense action was observed on 
the addition of 5 per cent, of ferrous sulphate. No quantitative 
results, that is, percentages of albumin digested were, however, 
obtained. 

Our experiments were made only with crystallized ferrous sulphate 
and ferric chloride. It appears superfluous to try the action of feme 
hydroxide, which must necessarily, if in sufficient quantity, neutralize 
the acid of the gastric juice and thus prevent digestion by with¬ 
drawal of the free acid. 


* Quoted by Bubnow in Zeitschrift fur physiologische Ohemie, vol. vii, p. 316; also 
abstract by Herter in Jahresbericht fdr Thierchemie, 1880, p. 309. 

f Ueber den Binfluss yon Bisenpraparaten auf die Magenyerdauung. Jahresbericht 
fur Thierchemie, 1882, p. 25T. 

i Ueber den Einfluss des Eisenoxyhydrats und der Eisenoxy&ulsalze auf kiinsfliche 
Magenyerdauung und Eaulniss mit Pancreas. Zeitschrift fur Physiologische Ohemie, 
yob yii, p. 315. 
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FeS0 4 +7H 2 0. 

Undigested 

residue. 

Fibrm 

digested. 

Relative proteo¬ 
lytic action. 

0 

0*1835 gram. 

81*65 

100*0 

0*001 per cont. 

0*1916 

80*81 

99*0 

0*005 

0*224.1 

77*59 

95*0 

0*010 

0 1895 

81*05 

99*2 

0*025 

0*2573 

74*27 

90 9 

0*050 

0*2773 

72*27 

88*5 

0 

0*1935 

80*65 

100*0 

0*1 

0*3467 

65*33 

81*0 

0*3 

0*7274 

27*26 

33*8 

0*8 

0*8080 

19*20 

23*8 

1*5 

0*8447 

15*5a 

19*2 

Here, with the ferrous salt, we find pronounced diminution of pro- 

teolytic action, commencing even 

with 0*001 per cent. 

With ferric 

chloride, the following results were obtained. 



Undigested 

residue. 

Fibrin 

Relative proteo¬ 
lytic action. 

Fe*Clfi. 

digested. 

0 

0*1842 gram. 

81*58 per cont. 

100*0 

0*001 per cent. 

0*2111 

78*89 

96*7 

0*005 

0*2059 

79*41 

97*3 

0*010 

0*2165 

78*35 

96*0 

0*050 

0*2332 

76 G8 

93*9 

0 

0*1961 

80*39 

100*0 

0*3 

0*6526 

34*74 

43 2 

0*5 

0*8035 

19*65 

24*4 

0*8 

0*8794 

12*06 

15*0 

3*0 

0*9582 

4*18 

5-2 


A comparison of the two series of results, shows no pronounced and 
constant difference in the amount of action between the two iron 
salts; both retard proteolytic action about equally; although with 
the larger amounts, as with 0*5 per cent, and beyond, ferric chloride 
appears the most injurious. Comparing the results with those 
obtained with the manganese salt, which of late has been recom¬ 
mended as a therapeutic agent where iron cannot be taken, we see 
that the manganese is throughout, far less injurious than the two salts 
of iron. 

As to the manner in which the iron salts produce their retarding 
effect on proteolytic action, it is evident that it cannot be due to a 
simple displacement of the acid of the iron salt, by which the pepsin 
is made to act with a less compatible acid, since ferric chloride acts 
similarly to the sulphate, in which case there could be no such 
injurious replacement. 
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Magnesium sulphate. 

Pfeiffer* alone appears to have studied the influence of magnesium 
sulphate on gastric digestion. He found that retarding action com¬ 
menced in the presence of 0*24 per cent, of the salt and was very 
great in the presence of 4*0 per cent. Our results show decided 
retarding action, even in the presence of 0*005 per cent, of the crys¬ 
tallized salt. At the same time, it is to be remembered throughout, 
that probably differences in the strength of gastric juice, would cause 
some variation in the amount of retardation, produced by any given 


percentage. 

Undigested 

Fibrin 

Relative pioteo- 

MgS0 4 +7H«0. 

residue. 

digested. 

lyfcic action. 

0 

0*1081 gram. 

89-19 per cent. 

100-0 

0-005 per cent. 

0-1910 

80-90 

90-7 

0*010 

0 2330 

76*70 

86*0 

0*050 

0-3260 

6*7-40 

75 5 

0*100 

0-4428 

55-72 

62*3 

0 

0*2605 

73 95 

100-0 

0*3 

o-755i 

24-49 

33*1 

0-5 

o-^sss 

21-14 

28-5 

0-8 

0*8250 

17-50 

23 7 

1*5 

0-8891 

11-09 

15*0 

3*0 

0-8894 

11*06 

14*9 


It is noticeable here, that while the retarding influence of the salt, 
becomes more and more pronounced as the percentage is increased, 
there comes a point (1*5 per cent.) when further addition does not 
materially influence the action of the ferment. 

Potassium permanganate. 

This salt, as with the amylolytic ferment of the saliva, shows very 
energetic action. Its influence is, without doubt, due to rapid oxida¬ 
tion and consequent destruction of the ferment; indeed, the (at first) 
bright red color of the solution became almost immediately bleached 
out and the solution, at the same time, completely deprived of pro¬ 
teolytic power. The following results testify to its extreme activity. 

Undigested Fibrin Relative proteo- 

K 2 Mn 2 08. residue. digested. lytie action. 

0* 0-1951 gram. 80*48 per cent. 100-0 

0-005 per cent. O-SStS 1*7*22 21*3 

0*010 0-9949 0*51 0*6 

It is thus more active in preventing proteolytic action, in gastric 
juice of the strength used, than in hindering the development of 

* Abstract in Oentralbl. med. Wiss., 1885, p, 328. 
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bacteria; although doubtless, the action of any one percentage is de¬ 
pendent in part, upon the amount of organic matter present. Marcus 
and Pinet* found that the permanganate in 0*1 per cent, would pre¬ 
vent the development of bacteria and in 1*5 per cent, would kill 
the fully developed organisms. 

Potassium dichromate. 

A single experiment with this salt gave the following results; 
showing a decided retarding action on gastric digestion. 


KsCr^Of. 

Undigested 

residue. 

Fibrin 

digested. 

Relative proteo¬ 
lytic action. 

0 

0*2028 gram. 

79*72 per cent. 

100*0 

0*01 per cent. 

0*2476 

75*24 

94*4 

0*10 

0*6383 

36*17 

45*3 


Potassium cyanide. 



Potassium cyanide we found very active in diminishing the diges¬ 
tive power of pepsin; due in great part doubtless, to decomposition 
of the cyanide by the hydrochloric acid of the gastric juice with 
conseqent formation of pepsin-hydrocyanic acid. Our first results 
were as follows: 


KCN. 

Undigested 

residue. 

Fibnn 

digested. 

Relative proteo¬ 
lytic action 

0 

0*3255 gram. 

67*45 per cent. 

100*0 

0*25 per cent. 

0*9687 

3*13 

4*6 

0*50 

0*9912 

0*88 

1*3 

Here, the fibrin did not swell at all, 

indicating the probable ab- 

sence of free hydrochloric acid, although of course 

the potassium 

cyanide might, per 

se } prevent swelling. 



With very much smaller percentages of cyanide, we obtained the 

following results: 




kcst. 

Undigested 

residue. 

Fibrin 

digested. 

Relative proteo 
lytic action. 

0 

(>•3008 gram. 

69*02 per cent. 

100*0 

0*005 per cent. 

0-4376 

56*24 

81*5 

0*025 

0-3750 

62*50 

90*5 


Potassium ferrocyanide. 

With this salt, the results are practically the same as with potas¬ 
sium cyanide; almost complete stopping of proteolytic action, even 
in the presence of small fractions of one per cent. 


* Action cle quelques substances sur les bacteries de la putrefaction, Compt. rend. 
Soe. de Biolog., 1882, p. 718. Abstract in Jabresbericht fur Tbierchemie, 1882, p. 515. 
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K 4 Fo(CN) <s+ 8 HsO. 

Undigested 

residue. 

Fibrin 

digested. 

Relative proteo¬ 
lytic action. 

0 

0-3717 gram. 

62*83 per cent. 

100-0 

0*06 per cent 

0*5969 

40-31 

C4-1 

0*10 

0-7922 

20*78 

33-0 

0-25 

0*9585 

4-15 

c-c 

0-6 

1-0 

0 

0 

0 

0*3098 

69*02 

100*0 

0*006 

0*3562 

64-38 

93-3 

0-025 

0*3471 

65-29 

94*5 

Potassium chlorate and Potassium nitrate . 

These two oxidizing agents produce almost exactly the same effect 

on pepsin-hydrochloric acid digestion; 

a retarding 

action directly 

proportional to the amount of salt present. 



Undigested 

residue. 

Fibrin 

Relative proteo¬ 

kcios. 

digested. 

lytic action. 

0 

0-2683 gram. 

73-17 per cent 

100-0 

0*3 per cent. 

0'4S66 

54-35 

74*3 

o-s 

0-1019 

29-81 

40*7 

1*6 

0-8113 

18-27 

25*0 

3-0 

0-8701 

12-93 

17-6 

kno 3 . 

0 

0-2810 gram. 

71-30 per cent. 

100*0 

0*3 per cent. 

0-6370 

46-30 

64-9 

0*5 

0-6241 

37-53 

52-6 

0*8 

0-1158 

28-42 

39*8 

1-6 

0-8148 

18*52 

25-9 

3*0 

0-8901 

10-93 

15-3 


With potassium chlorate no experiments have been previously 
tried; with potassium nitrate, however, Wolberg* experimenting 
with quantities varying from 0*6 to 8*0 per cent, found in every 
instance, diminution in the proteolytic action of his pepsin solution. 
This, however, amounted to but little, except in the presence of 8 grams 
(8 per cent.) of the nitrate, where there was a diminution in the 
amount of fibrin digested, equal to 49*0 per cent. Even with 6 per 
cent, of the salt, Wolberg found after 24 hours, only a diminution 
of 6*8 per cent, in the fibrin digested. 

In quantity, therefore, our results do not accord at all with Wol- 
berg’s, since as the table shows, even 0*3 per cent, of potassium nitrate 
caused a diminution in the quantity of fibrin digested, amounting to 
35*1 per cent., when compared with the control (100); while the pres- 

* Pfluger’s Archiv, vol. xrii, p. 300* Ueber den EJinfluss einiger Salze tmd Alka¬ 
loids auf die Yerdauung. 
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ence of 3 per cent, of the suit caused a diminution in proteolytic action 
amounting, in the quantity of fibrin digested, to nearly 85 per cent. 
The only apparent explanation of this difference in the results [unless 
due to difference in the amount of ferment] is in the length of time 
the mixtures were warmed at 40° C.; in Wolberg’s 24 hours, in ours 
2 hours. This, if the true reason of the difference, would imply on the 
part of the ferment, ability to gradually overcome the influence of 
small amounts of the substance and thus eventually to digest an 
equal quantity of proteid matter. This, however, would in turn 
imply that the object sought for, viz: the influence of different quan¬ 
tities or percentages of a substance on the action of the ferment is 
lost sight of. The length of time best adapted to the experiment, is 
naturally that which will bring out most clearly and decisively all 
differences of action. 


Sodivm tetraborate (Borax) and BOracle acid. 


Sternberg’s experiments* with both of these substances, have 
shown that, although possessed of no germicide value, they prevent 
the multiplication of bacterial organisms and are thus valuable anti¬ 
septics. 

Wolberg, in experiments made with artificial gastric juice, found 
that in a 24 hours digestion, 0*5 gram (0*5 per cent.) of borax caused 
a slight acceleration in proteolytic action (0*4 per cent.), while with 
1 per cent, of the salt, retardation occurred to the extent of 23*3 per 
cent., and in the presence of 4-0 per cent, almost complete stopping 
of proteolytic action. Our results, however, fail to show any stimu¬ 
lating action on the part of the borate, although retardation is very 
pronounced. 


3t+10H*O. 

Undigested 

roBidue. 

Fibrin 

digested 

Relative proteo¬ 
lytic action. 

0 

0-3610 gram. 

63*90 per cent. 

100*0 

0*05 per cent 

0*3852 

61*48 

9G*2 

0*20 

0*4080 

59*20 

92*6 

0*5 

0*7710 

22*90 

35*8 

1*0 

0*9899 

1*01 

1*5 


Doubtless, the retarding action of this salt is due wholly to the 
liberation of boracic acid and the consequent neutralization of the 
hydrochloric acid of the gastric juice. Boracic acid itself, offers no 
obstacle to the proteolytic action of pepsin-hydrochloric acid; on the 
contrary it increases it, but pepsin-boracic acid has little digestive 

* Amer. Jour. Med. Sciences, April, 1883, p. 335. 

Tbaxs. Conn. Aom, Yol. YII. 13 


Oot,, 1885. 
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power. The influence of boracic acid on pepsin-hydrochloric acid is 
seen from the following experiments: 


UjBOj. 

Undigested 

residue. 

Fibrin. 

digested. 

Relative proleu- 
lytic action. 

0 

0 2395 gram. 

16 05 per cent. 

100*0 

0*1 pur cent. 

0*2232 

17*68 

102*1 

0 

0*2049 

19*51 

100*0 

0*5 

0*18*75 

81*25 

102*2 

3*0 

0*1129 

82*71 

104*2 

6*0 

0*1415 

85*55 

10T-6 


Evidently then, the action ol borax consists simply in withdrawing 
from the pepsin the hydrochloric acid of the gastric juice. The low 
digestive power of pepsin and boracic acid is shown by the following 


experiment: 

a. b. a . o. 

IXaO sol. pepsin. 50 e. o. 50 c. c. 50 c. c. 50 e. e. 

HOI 0*2 per cent. >— 50 0 0 0 

. 0 0*2 gram. 0*3 gram. 0*5 gram. 

H a O . 0 50 c. c. T)0 c. e. 60 c. e. 


100 100 100 100 

0*1 % HOI 0-2 $ H 3 B0 3 0*3 % H 3 B0 3 0-5 % H 3 BI>« 

To each, was added 1 gram of purified fibrin, after which the mix¬ 
tures were warmed at 40° C. for 2 hours. Following are the results. 

a. b. a i). 

Wt. of undigested residue__ 0*1180 0*9615 0*9705 0*9620 

Per cent, digested. 88*20 3*85 2 95 3*80 

Ammonium oxalate. 


With this salt the following results were obtained: 


<^14)s0iO 4 +3H*O. 

Undigested. 

residue. 

Fibrin 

digested. 

Relative proteo¬ 
lytic action* 

0 

0*3254 gram. 

67*46 per cent. 

100*0 

0*010 per cent. 

0*3579 

04*20 

95*1 

0*025 

0*3627 

63*73 

04*6 

0*1 

0*3920 

60*80 

90*1 

0*5 

0*9049 

9*51 

14*1 

0 

0*3098 

69*02 

100*0 

1*0 

0*9958 

0 42 

6*6 


As to the cause of this retarding action, it is probable, that, as in 
the case of borax, the oxalic acid of the salt is displaced and the 
ferment compelled to act with the acid thus liberated. But if we 
compare the results of the present series with those of the preceding. 
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we find that, with like percentages of the two salts, ammonium oxal¬ 
ate has far the greater retarding power, and yet it is well known 
that the ferment acts well when combined with oxalic acid. More¬ 
over, our experiments show further on, that ammonium chloride has 
no greater retarding power than sodium chloride. Hence, there must 
be some reason, other than the one mentioned above, to account for 
all of the retarding action manifested by the oxalate. 

Petit* states, that the maximum digestive action of oxalic acid, 
with O^-CM per cent, of his pepsin, is attained with 0*5-4*0 per cent, 
of the acid, according to the amount of pepsin. 

The comparative digestive power of pepsin-oxalic acid and pepsin- 
hydrochloric acid is shown by the following experiments :f 


A. 

B. 

C. 

H^O sol. pepsin. 50 o. e. 

50 c. c. 

50 c. c. 

0*2 per cent. HC1_ 50 

0 

0 

C a n a 0 4 ............ 0 

0*5 gram. 

1*0 gram. 

lI a O. 0 

50 c. c. 

50 c. c. 


— 

— 

100 

100 

300 

o-l % HC1 0'5 % C 2 n.jOt 

1*0 % OjIIflOi 

Warmed at 40° C. for 2 hours witli 1 gram of pure, dry fibrin, the 
following results were obtained : 

A. B . G. 

Wt. of undigested residue. 

0*2 ltO 0*4450 

0-43T1 

Per cent, digested. 

*78*80 55*45 

56*20 

A second series, with larger amounts of oxalic acid, gave the fol¬ 
lowing results: 

A. 

B. 

C. 

ll a 0 sol. pepsin... 50 c. c. 

50 c. c. 

50 c. c. 

0*2 per cent. HC1 - 50 

0 

0 

O a H a Oi. 0 

1*5 grams. 

2*0 grams. 

H a O. 0 

GO c. c. 

50 a c. 

100 

100 

100 

0*1 per cent. HOI 

1*5percent. 0^0 { 

2*0 percent. C*H«0 4 

Undigested residue 0*1085 gram. 

0*3090 gram. 

0*3640 gram. 

Per cent, digested 89*15 

69*10 

63*00 


These four results being placed on the same basis, i. e. compared 
with their respective controls (100) show as follows: 

* Jahresberichfc fur Thierchemie, 1880, p. 809. 

\ Made in this laboratory by Mr. R. W. Pinney, 
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Relative inoteo- 

Per coni, ol acid. lytic action 


0*1 I £01 100*0 

0*5 CJIfi0 4 70*7 

1*0 71*7 

1*5 7*7-5 

2*0 71*3 


This shows maximum action, with our amount of pepsin, in the 
presence of 1 *5 per cent, of oxalic acid and shows, moreover, that the 
retarding influence of ammonium oxalate on proteolytic action, is not 
fully explained by the suggested neutralization of the hydrochloric 
acid of the gastric juice, unless it be that the ammonium chloride, 
formed by the reaction, effects pepsin-oxalic acid differently than it 
does pepsin-hydrocliloric acid. 

Sodium chloride. 

With this salt we obtained, by our method, the following results: 


NaCl. 

residue. 

dli’eVtod. 

Relative proteo¬ 
lytic ROti< 

0 

0*2936 gram. 

70*64 per cent. 

100*0 

0*005 per cent. 

0*2824 

71-10 

101*6 

0*010 

0-2896 

11-04 

100*5 

0*025 

0*3441 

65-59 

92*8 

0*050 

0-3511 

64*89 

91*8 

0*100 

0*3744 

62*56 

88*5 

0 

0-2669 

73*31 

100*0 

0*3 

0*4953 

50*47 

68 8 

0*5 

0*6175 

38*25 

52*1 

0*8 

0‘G898 

31*02 

42*3 

1*5 

0*7825 

21*75 

29*6 

3*0 

0*8240 

17-51 

23*8 


Alex. Schmidt* has recorded the retarding effect of sodium chlo¬ 
ride on the proteolytic action of gastric juice; Petitf likewise, has 
stated that small quantities of sodium chloride interrupt the action 
of the ferment, and WolbergJ has recorded the same result with 
varying percentages of tiie salt; noting in addition, that very small 
quantities cause a slight acceleration of proteolytic action, amounting 
in his experiment to 2*5 per cent. 

With 0*005 per cent, of the salt, we found as the results show, 
acceleration amounting to 1*0 per cent., larger amounts causing a 
gradual and proportional diminution in proteolytic action. 


* Pfluger’s Archiv, xiii, p. 98, 

-( Jaliresboriohi fur Thiorchemie, 1880, p. 809. 
$ Pfluger’s Archiv, xxii, p. 298. 
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Pfeiffer* has also called attention to the retarding action of this 
substance. 

Potassium chloride. 

With this salt our results are as follows: 


KCl 

Undigested 

icsidne. 

Fibrin 

digested. 

Relative proteo¬ 
lytic at non 

0 

0*1552 gram. 

84 48 per cent 

100 0 

0*005 per cent. 

0-181*7 

81*83 

96*8 

0-023 

0*1550 

84*50 

100*0 

0*050 

0*2565 

74*35 

88 0 

0*100 

0*2097 

79 03 

93*5 

0 

01930 

80*70 

100*0 

0*3 

0 3997 

60*02 

74*3 

1*5 

0*0815 

31-85 

39 4 

3*0 

0-7282 

27*18 

33*6 


The only noticeable difference between the action of this salt and 
the preceding, is the absence of any acceleration on the part of the 
potassium chloride and with larger percentages, a less vigorous retard¬ 
ing action. 

Ammonium chloride. 

For the sake of comparison a few experiments were tried with this 
salt, with the following results: 


(NH t ;Cl. 

w re8iSue. w '* 

digested. 

Relative proteo- 
ljtle actioj 

0 

0*1880 gram. 

81*20 per cent. 

100*0 

0*3 per cent 

0*1649 

53*51 

65 9 

0*8 

0*6615 

33*85 

41*7 

3*0 

0*6970 

30*30 

37*3 


By looking at the table of comparisons, we see there is little con¬ 
stant difference in the amount of retardation caused by the ammo¬ 
nium, potassium and sodium salts of hydrochloric acid. This result, 
however, is quite different from that obtained by Wolberg, who 
found that ammonium chloride influenced proteolytic action but very 
little, while both potassium and sodium chloride caused great retard¬ 
ation. This difference in result, may be due to difference in strength 
of gastric jnice or to difference in length of time the mixtures were 
warmed at 40° C.; certainly in our experiments, with pure anhydrous 
salts and 2 hours digestion, very little difference in digestive action is 
noticeable; throughout, sodium chloride causes a little less proteolytic 
action than the corresponding potassium salt, while of the ammonium 
salt, little is to be said except that it causes equal retardation. 


* Centralbl. med. Wiss,, 1885, p. 328. 
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Wolberg in speaking of the relative retarding action of the three 
sodium salts of hydrochloric, nitric and sulphuric acids, states that 
the sulphate retards the most, then the nitrate and lastly the chloride. 
We have noticed the same fact in our work and take it as additional 
evidence of the liberation of the acid of the salt added, the retarding 
influence of the salt being dependent, in part, on the digestive power of 
the pepsin-act^ formed. 

The following experiments,* showing the relative digestive power 
of the several acids in conjunction with pepsin, testify to the proba¬ 
bility of this view. 

All of the solutions contained 50 c. c. of an aqueous solution of 
glycerine-pepsin, each having a total volume of 100 c. c. and differing 
from each other only in the nature and percentage of the acid pi’esent. 

In testing the digestive power of the solution, 1 gram of pure fibrin 
was added and the mixtures warmed at 40° C. for two hours, after 
which the amount digested was determined in the usual manner. 


Percentage of fibrin digested in the ‘presence of the different per¬ 
centages of acids . 


Control. 


0*05 % 

0*1% 

0S% 0-3% 

0-5% O'M HOI 

HNO«f_9-20 

48-75 

73*65 67*20 46*00 

87*65 

H 2 SO 4 — 

19*50 

24*70 25*80 22*55 

24*95 88*05 

C 3 H 4 O 2 - - 


3*70 

2*30 87*50 

Comparing these results with their respective controls, figured as 
100, we have the following values for sulphuric and nitric acids, ex¬ 
pressive of their relative proteolytic power when combined with 
pepsin, as compared with 0*1 per cent, hydrochloric acid under simi- 

lar conditions. 




Per cent. acid. 


HNOj. 

n 2 so 1 . 

0*05 


10*5 

.... 

0*1 


55*5 

22*1 

0*2 


84*0 

28*0 

0*3 


76*7 

29 1 

0*4 


52*5 

25*6 

0*5 


.... 

28*2 


From this it is evident, that nitric acid is most active, with our 
amount of pepsin, in a 0*2 per cent, solution, while sulphuric acid 
attains its maximum action in 0*3 per cent.; moreover, nitric acid is 


* Made in this laboratory by Mr. R. W. Pinney. 

■| The adds are calculated as pure H£TO St H 5 S0 4 , etc. 
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more than four-fifths as active as 0-1 per cent, hydrochloric acid, 
while sulphuric acid is only a little more than one-fourth as active as 
the hydrochloric acid; acetic acid being practically worthless. 
Hence it is obvious, that, the base being the same, acetates, borates 
and other salts, the acids of which are not capable of working with 
pepsin, will most readily retard gastric digestion; then of the other 
salts experimented with, sulphates and lastly nitrates. 

A glance at the table of comparisons, shows here and there, results 
which manifestly accord with this view, notably lead acetate, cupric 
sulphate, zinc sulphate,* magnesium sulphate and potassium nitrate. 

That this withdrawal of free hydrochloric from the pepsin, is 
only a partial explanation of the mode of action of neutral salts is 
plain from the fact that chlorides exert very pronounced retarding 
action; moreover the action of these latter as well as of the others 
cannot be due merely to mechanical causes, viz: the semi-saturation 
of the digestive fluid, since 3*0 per cent, of boracic acid stimulates 
instead of retarding, and even the presence of 10 per cent, of arsenic 
acid causes retardation amounting to only 32 per cent. According 
to Petit,f moreover, saccharose to the extent of 16 per cent, does not 
interrupt gastric digestion. Again, that the base entering into the 
composition of the salt has much to do, in many cases, with its re¬ 
tarding proteolytic action, is apparent when we compare the action 
of ferric chloride, manganous chloride, sodium chloride, mercuric 
chloride and other metallic salts. That this action is due in part to 
capability of combining with the proteid matter, thus rendering it 
non-digestible, is unquestionable. 

Acceleration, produced by neutral salts has been noticed by other 
observers, but no explanation of the cause has been offered. It seems 
probable, however, that in the case of pepsin-hydrochloric acid, one 
plausible reason, at least, may be suggested. If, as has been mentioned, 
mauy of the neutral salts are decomposed by the acid of the gastric 
juice, it would follow that the addition of very small amounts of the 
salts would .diminish slightly the percentage of free hydrochloric 
acid, while the acid liberated from the salt, would be entirely without 
deleterious action. Nearly every experimenter in this direction has 
employed in the preparation of gastric juice 0*2 per cent, hydrochloric 
acid, which is well adapted for the purpose, hut the action of the acid 
is dependent in part on the amount of ferment. With our solution of 
pepsin, the following results, expressed in the percentage of fibrin 

* Compare Pelit, Jahresbericht fur Thierchomie, 1880, p. 309. 

f Jahresbericht fur Thierchemie, 1880, p. 309. 
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digested, were obtained with different percentages of hydrochloric 
acid; the amount of pepsin being the same in each case. 

Per cout. 1101. O'05 0*1 0*2 0*2 0*4 

Percent, fibrin digested 73 8 80*2 84*0 81*7 03*8 

This shows plainly, that, with the amount of pepsin employed in our 
experiments, acceleration of proteolytic action on the addition of 
neutral salts, might in some instances be due to slight diminution of 
free hydrochloric acid. That this is not the sole cause, however, is 
plain from the fact that closely related salts do not act alike. 

Potassium bromide and Potassium iodide . 

With these two potassium salts, the following results were ob- 


KBi, 

Undigested 

residue. 

KH>rin 

digested 

Relative pioteo- 
lytic action. 

0 

0*3837 gram. 

61*63 percent. 

100*0 

0*005 per cent. 

0*3205 

67*95 

110*2 

0*025 

0-3033 

69*65 

113*0 

0-10 

0-4201 

57 *90 

94*0 

0*50 

0*5690 

43*10 

70*0 

1-00 

0*0203 

37*97 

61 6 

KI. 

0 

0-2572 gram. 

74*28 per cent. 

100-0 

0*005 per cent 

0 2755 

72*45 

97*5 

0 025 

0-3421 

65*78 

88-0 

0-10 

0-2841 

71-59 

96*1 

0*50 

0*6367 

36*33 

48 9 

1-00 

0-7586 

24*11 

32*5 


By comparison of these two series of results, we sec that there is 
a very decided difference in the action of the two salts; potassium 
bromide in very small quantity, causes a decided acceleration in pro¬ 
teolytic action, which is wholly lacking with potassium iodide. Again, 
there is a very great difference in the amount of retardation produced 
by the two salts; thus by comparison with their respective controls 
we see, that while 1 per cent, of potassium bromide causes retardation 
in digestive action, amounting to 38-4 per cent., the same percentage 
of iodide causes retardation amounting to 67 # 5 per cent. It is to be 
supposed, naturally, that in the presence of large amounts of the 
salts, the ferment must act wholly in combination with hydrobromic 
and hydriodic acid respectively; that is to say, the hydrochloric 
acid of the gastric juice must have replaced these two acids in the 
potassium salts, and thus new pepsin-compounds formed, of which 
pepsin-hydrobromic acid is the more active digestive agent. 
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Putzeys,* indeed, found that he obtained practically the same 
proteolytic action [retarding] with pepsin and hydriodic acid, as 
with potassium iodide and pepsin-hydrochloric acid. The following 
results, showing the relative digestive action of pepsin with hydro- 
bromic aud hydriodic acid respectively, were obtained by Putzeys. 


HI HBr. 

0*625 gram. - 

0*937 
3*310 

_ 0*882 gram 

2*200 
3*300 

It is thus evident, that both hydrobromic and hydriodic acid can, 
to a certain extent, replace the hydrochloric acid of the gastric juice, 
although they are much less active than the latter acid. Moreover, 
hydrobromic acid is much more efficient than hydriodic in connec¬ 
tion with the ferment, for in comparatively large doses the latter 
acid will completely stop proteolytic action. As a practical result, 
Putzeys suggests, that for therapeutic purposes, potassium bromide 
and iodide should be given ^ to 1 hour before meals. Our results 
are plainly in accord with Putzeys’ observations. 

The following table shows the relative influence on the proteolytic 
action of pepsin, of the various inorganic salts experimented with, 
compared with the controls, expressed as 100. 

* Jahresbericbt fur Thiercbemie, 1877, 279. De ^influence de l’iodure et du bro- 
mure de potassium sur la digestion stomacale. 

Teaks. Conn. Acad., You YIJ. 14 


Digestrv e pro 
duct*> formed 

15*86 per cent. 

31 33 

2*33 

26*40 

45*60 

46*60 


Oct., 1885. 
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i 

* 




Alkaloid salts. 

According to Petit, alkaloids do not interrupt the action of pepsin 
in acid solution* Wolberg, however, found that morphine chloride, 
strychnine, quinine sulphate and narcotine, used in very small quantities 
(0*5 grain to 100 c. c.), caused in every instance, excepting with 
quinine sulphate, retardation amounting on an average to nearly 3 
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per cent.; with quinine sulphate, slight acceleration was obtained. 
Strychnine and narcotine, in very small quantity, gave slight accel¬ 
eration. Dr. H. v. Boeck* states, that quinine is without influence 
on the activity of pepsin. 

In our experiments, using larger amounts of the alkaloid salts, 
retardation is very pronounced, doubtless due in part to replacement 
of the sulphuric acid of the salts by the acid of the gastric juice. 

Undigested Fibrin Relative pvoteo- 

Alkaloid salt. residue. digested. lytic action. 

0 * 0*3555 gram. 64*45 per cent 100*0 

(Sr) t . HjSOj +611*0. 

0-5 per cent. 0-6825 31'75 49-2 

1-0 0-8213 17-87 27-7 

(Br)u. H 2 SO 4 + N 2 0 . 

0*5 0 5685 43*15 66*9 

1*0 0*7700 23*00 35*6 

(At) 2 . H 2 S0 4 . 

0*5 0*6412 35*88 55*6 

(Q) 2 .H*S0 4 +7H*0. 

0*5 0*6606 33*94 52*6 

(Ci)g + H 2 S0 4 4 * 2H 2 0. 

0*5 0*6885 31*15 48*3 

(Mo) 8 .H*S0 4 + 5H 2 0. 

0*5 0*6225 37*75 58*5 

(Na) 2 .H a S0 4 + H 2 0. 

0*5 0*6365 36*35 56*4 

Percentage retardation of the alkaloid salts (0*5 per cent) 

Strychnine. 50*8 

Brucine. 33*1 

Atropine.. 44*4 

Quinine. 47*4 

Cinchonine_ 51*7 

Morphine.-. 41*5 

Narcotine. 43*6 


* Zeitschrift fur Biologie, vol. vii, p. 428. 










VII. —Influence of Various Therapeutic and Toxic Sun- 

STANCES ON TUB PROTEOLYTIC ACTION OF THE PANCREATIC FeR- 

ment. By R. H. Chittenden and Geo. W. Cummins, PilB. 

With the proteolytic ferment of the pancreatic juice, few syb- 
tematic experiments have been tried to ascertain the influence of 
those substances the frequency of whose use, as therapeutic or toxic 
agents, renders their action on this ferment a matter of no small con¬ 
sequence. The well known experiments of Ileidenhain, Kiihne and 
Schmidt have been confined to the action of sodium carbonate, sodium 
chloride and kindred salts of physiological importance. Pfeiffer* 
has indeed, in addition, experimented with a few of the sulphates of 
the alkalies and alkali-earths, but of the large number of metallic 
and other salts in common use, few have been tried, while the action 
of alkaloids and the gases occurring in the intestinal canal, has not 
been studied at all. 

Method employed. 

It is a characteristic of the proteolytic ferment of the pancreatic 
juice, that it exercises considerable digestive power in a neutral 
solution.f In view therefore of the fact that the ferment, while in the 
intestinal canal, may be obliged to act in an acid-reacting medium 
(due to acid-proteids) as frequently as in an alkaline or neutral one, 
it seemed advisable in the experiments, to employ a neutral solution 
of trypsin. Moreover, it becomes necessary to use such a solution, 
if salts of the heavy metals are to be experimented with, since in 
alkaline solutions, carbonates or oxides of the metals would be formed 
and thus affect the results; still, again, the action of all substances 
can be best studied in neutral solution, since under such conditions, 
no replacements or decompositions of any kind take place to compli¬ 
cate the action of the substance, other than the direct action on the 
ferment or the proteid matter. Hence, a neutral solution has in every 
case been employed as being the most satisfactory, while only Buch 
substances have been experimented with, as contained no free acid 
or alkali, the destructive action of which is well known. 

* Oentralbl. med Wiss., 1885, p. 328. 

f See Chittenden and Cummins, Amer. Ohem. Jour,, vol. vii, p. 46, Also Trans. 
Conn. Acad., vol. vii. 
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The solution of trypsin was prepared according to Kuhne’s* 
method from dried ox pancreas freed from fat; 40 grams dry pan¬ 
creas in 500 c. c. 0T per cent, salicylic acid, neutralized and diluted to 
2 litres.f In each digestion experiment, 25 c. c. of this neutral trypsin 
solution were used, to which was added 25 c. c. of water containing 
the substance to he experimented with, or in the control 25 c. c. of 
water alone, making the volume of the digestive mixture in each case 
50 c. c. In testing the proteolytic action of the different solutions, 1 
gram of pure dry, pulverized fibrin, described in the preceding 
article, was added and the mixtures warmed at 40° C. for six hours, 
after which the undigested fibrin was filtered on weighed filters, 
washed thoroughly and dried at 100-110° C. until of constant weight. 

In this work as in the study of the salivary ptyalin and pepsin, it 
has been the effort mainly to ascertain the relative action of small 
quantities of the various salts, rather than the percentages necessary 
to completely stop the action of the ferment, this to our mind being 
much the more important. 

Mercuric chloride . 

With small percentages of this salt, the following results were 
obtained: 


HffCl*. 

Undigested 

residue 

Fibrin 

digested. 

Relative proteo 
lytic action. 

0 

0 4495 gram. 

53*05 per cent 

100*0 

0*002 per cent 

0*4465 

55*35 

100*5 

0*003 

0*4405 

55*95 

101*6 

0*005 

0*4562 

54 38 

98*7 

0*025 

0*5076 

49*24 

89-4 

0*100 

0*7753 

22 47 

40 8 


As seen from the table, 0*1 per cent mercuric chloride diminishes 
the proteolytic action of the ferment more than one-half. Its action 
in this percentage is more energetic than on pepsin, although the 
smaller quantities are proportionally far less active; in one case 
(0*003 per cent.) even causing acceleration. 

Wassilieff | has studied the influence of mercurous chloride on pan¬ 
creatic digestion and finds that calomel does not affect the action 
of the proteolytic ferment, while it does prevent the formation of 
putrefaction products, viz: indol, phenol, etc. 


* Untersuchungen aus der pliysiolog. Inst. <1 Universitat Heidelberg, vol. i, p. 222. 
f The solution was kept from putrefaction by the use of a little 20 per cent, 
alcoholic solution of thymol; enough of which remained dissolved in the fluid to pre¬ 
vent putrefaction also during the six hours digestion at 40° 0. 

X Zeitschrift fur physiol. Chemie, vol. vi, p 112. 
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Mercuric iodide and Mercuric bromide. 


Those salts dissolved in sodium chloride in such proportion that the 
ultimate solutions contained like percentages of both salts, gave the 
following results : 

Hglg. 


0 

0*005 per cent. 
0*025 
0*100 
0*200 
HgBi'a. 

0 

0*005 per cent 
0*025 
0*100 
0*200 


Undigested 

residue. 

0*4707 gram. 

0*4780 

0*5085 

0*5994 

0*6580 

0*4707 gram. 

0*4400 

0*4840 

0*5721 

0*6548 


52*93 per cent. 
52 20 
49*15 
40*OG 
34 20 

52*93 per cent. 

56*00 

51*60 

42*79 

34*52 


Relative proteo¬ 
lytic notion. 

100*0 
98 6 
92*8 
75 6 
64*6 

100*0 

105*S 

97*4 

80*8 

05*2 


Aside from a slight acceleration, noticed with 0*005 per cent, of 
bromide, the two salts act very much alike, causing retardation of 
proteolytic action; less pronounced however, than that caused by 
mercuric chloride. 

Mercuric cyanide . 

The action of this salt is somewhat peculiar, causing at first when 
in small quantity, noticeable retardation followed in the presence of 
larger percentages by increased proteolytic action, though still below 
the action of the normal solution of trypsin. 

In a general way, its action on this ferment accords very nearly 
with its action on the amylolytic ferment of saliva and the proteo¬ 
lytic ferment of the gastric juice. 


Hg(CN)*. 

Undigested 

residue. 

Fibnn 

digested. 

Relative proteo¬ 
lytic action. 

0 

0*2668 gram. 

73*32 per cent. 

100*0 

0*005 per cent 

0*3192 

68*08 

92*8 

0*025 

0*3209 

67 91 

92*6 

0*050 

0*3244 

67*56 

92*1 

0*100 

0 3308 

66*92 

91*2 

0 

0*3675 gram. 

63*25 percent. 

100*0 

0*3 percent. 

0*4094 

59*06 

93*3 

0*5 

0-38SO . 

61*20 

96*7 

1*5 

0*3932 

60*68 

95*9 


Its action is to be attributed mainly to the hydrocyanic acid 
radical, judging from the action of potassium cyanide on the one 
hand and the action of mercury salts on the other. There is, how¬ 
ever, without doubt a close connection between the action of these 
salts and their power of combining with proteid matter in general. 
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Cupric sulphate . 

With this salt a more energetic retarding action is to be noticed, 
than in the case of the proteolytic ferment of gastric juice; 0*1 
per cent, of the salt causing a retardation in proteolytic action of 
65*7 per cent, as compared with a retardation of 38*8 per cent, in the 


case of pepsin. 


I l - 

CuS 0 4 + , SHgO. 

Undigested 

residue. 

Fibnn 

digested. 

Ifcelatrve proteo¬ 
lytic action 

0 

0*50H5 gram. 

49*65 percent. 

100 0 

0*005 per cent. 

0*3027 

49*73 

100*1 

0*025 

0*5320 

46*80 

94*2 

0*050 

0*5856 

41*44 

83*4 

0*100 

0*8295 

17*05 

„ 34 3 


Lead acetate. 


With this salt the following results 

were obtained, agreeing essen- 

tially in the smaller percentages, with those obtained with cupric 

sulphate. In the 

presence of 0*1 per 

cent., however, 

retardation is 

far less than with the same percentage of cupric sulphate; 0*5 per 

cent, completely stops proteolytic action. 


Pb(CjH,jO2)2+8Hj0. 

Indigested 

lesidue. 

Fibrin 

digested. 

Belatne piot^o- 
ljtic action. 

0 

0*4562 gram. 

54*38 per cent. 

100*0 

0*005 per cent. 

0*4655 

53*45 

98*2 

0 025 

0*5391 

4C*09 

84*7 

0*050 

0*5660 

43*40 

79*8 

0*100 

0*6410 

35 90 

66*0 

0*500 

1*0 

0 

0 


Stannous chloride. 

This salt, in conformity with its action on the amvlolytic ferment 
of saliva, causes very decided retardation in the proteolytic action 
of trypsin, requiring but a very small amount of the salt to com¬ 
pletely stop the action of the ferment. 

SnClg. "refeTcfuer" digested. 

0 0*3875 gram. 61*25 percent 

0*0005 per cent 0 4495 55*05 

0*005 0*5370 46*30 

0*025 1*0 . 0 

Arsenious oxide . 

Schafer and Bobm have experimented with arsenious acid, study¬ 
ing its influence on the proteolytic action of a glycerine infusion of 

* Abstract in Jahresbericht fur Thierchemie, 1872, p. 363, 


lytic action. 
100*0 
89*8 
75*5 
0 
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pancreas. They find that arsenious acid is without influence on the 
action of the ferment. We do not know whether they added arben- 
ious acid to a neutral or alkaline solution of the ferment, as we have 
seen only an abstract of their paper, but we find that the addition 
of very small amounts of arsenious oxide to a neutral solution of 
trypsin, does produce a slight retardation in the proteolytic action 
of the ferment. Owing to the comparative insolubility of arsenious 
oxide in water, only small percentages could be employed, but these 
show, as might be expected from the acid character of the substance, 
a decrease in proteolytic action. 


AB203. 

Undigested 

residue. 

Fibrin 

digested. 

Relative proteo¬ 
lytic at non 

0 

0*4-598 gram. 

54*02 per cent. 

100*0 

0*001 per cent 

0*4630 

53-10 

99*1 

0*005 

0*4513 

54-81 

101*5 

0 025 

0*4110 

62-90 

91-9 

0*050 

0*4723 

52-11 

97-6 


Arsenic 

acid. 


This substance, in 

conformity with its more decided acid character, 

causes greater retardation than arsenious acid; which fact tends, by 
analogy, to make the retarding action of the latter still more proba- 

ble. The results are as follows: 



tf s As 0 4 . 

Undigested 

residue. 

Fibrin 

digested. 

e proteo* 
lj tie action. 

0 

0*4598 gram. 

54*02 per cent. 

100*0 

0*005 per cent. 

0*4563 

54*31 

100*0 

0*0*25 

0*4887 

51*13 

91*0 

0*050 

0*5264 

4136 

81-4 

0*100 

0*6840 

36*60 

61-1 


Ammonium arsenate. 

This salt in small amount, appears to increase the proteolytic action 
of the ferment, which fact would indicate that the retarding action 
of the two preceding arsenic compounds is due more to their acid 
character than to the arsenic contained in them. 


(NE^gAsO*. 

Undigested 

residue. 

Fibrin 

digested. 

Relative proteo¬ 
lytic action. 

0 

0*4598 gram. 

54*02 per cent. 

100-0 

0*050 per cent. 

0*4620, 

53*80 

69-6 

0*100 

0*4442 

55*58 

102-8 

0 

0-3615 

63*25 

100-0 

0*5 * 

0-4011 

59*29 

93-1 
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Potassium antimony tartrate. 

This compound of antimony fails to produce with trypsin the 
marked acceleration, noticed with the amylolytic ferment studied. 

This difference in action, since both ferments were in neutral solu¬ 
tion, indicates a specific difference in the nature of the two ferments. 
Following are the results obtained: 


K(SbO)C 4 H 4 0 6 . 

Undigested 

residue. 

Fibrm 

digested. 

Relative pioteo- 
lytic aition. 

0 

0*3978 gram# 

60*22 per cent. 

100*0 

0*2 per cent. 

0*4105 

58*95 

97'8 

0*5 

0*4129 

58*71 

97'4 

1*0 

0*4258 

57*42 

95-3 

1*5 

0*5406 

45*94 

76-2 

j Ferric chloride and ferrous sulphate. 

With these two salts of iron the following results were obtained : 

FcaClg. 

Undigested 

residue. 

FIbiln 

digested. 

Relative proteo¬ 
lytic action. 

0 

0*5215 gram 

47*85 per cent 

100*0 

0*005 per cent. 

0*5431 

45*69 

95*4 

0*025 

0*6243 

37*57 

78*5 

0*050 

0**7457 

25*43 

53*1 

0*100 

1*0 

0 

0 

FeS0 4 +7H*0. 

0 

0*4075 gram. 

59*25 per cent 

100*0 

0*005 per cent. 

0*4548 

54*52 

92*0 

0*05 

0*6225 

37*75 

63*7 

0*10 

0*7177 

28*23 

47*C 

0*25 

0*7104 

28*96 

48*8 

0*50 

0*7219 

27*81 

46 9 

1*00 

0*7675 

23*25 

39*2 

1*50 

0*7861 

21*39 

36*1 


Ferric chloride is seen to be far more energetic in its hindering 
action on the proteolytic ferment, than the ferrous salt. A like result 
was obtained with the amylolytic ferment of the saliva and to a 
lesser extent with pepsin-hydrochloric acid. 

Bubnow* has tried experiments with both of these salts and found, 
as might be expected, that when present to the extent of 5 per cent, 
they prevented the appearance of putrefaction products (indol, phe¬ 
nol, etc.) but did not interfere with the action of the unorganized 
ferment. As no quantitative results were obtained, we can make no 
direct comparisons. In our experiments, it is to be remembered that 
putrefaction is prevented by thymol. 


* Zeitschrift fur physiol. Chemie., vol. vii, p. 327. 
Trans. Conn. Aoajd., Vol. VII. 15 


Ocr., 1885. 
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Manganozis chloride. 


Following are the 

results obtained with this salt: 


MnClg. 

Undigested 

lesidue. 

Kiln in 
digested. 

Relative piotoo- 
lytic notion. 

0 

0-5215 gram. 

17 85 por <*ont 

100*0 

0*005 por cent. 

0*520 L 

47 09 

100*3 

0*050 

0*5139 

48-61 

101*G 

0*100 

0*5483 

45*17 

94 *4 

0*600 

o*eso7 

31 93 

C6-T 


Comparing the influence of this salt on the proteolytic action of 
trypsin, with the results obtained with the closely related iron salts, 
it is seen that the manganese salt has a far less retarding influ¬ 
ence than the latter ; a fact which agrees with what was observed 
in studying its action on pepsin-hydrochloric acid. 

Consequently, manganese salts, in so far as they arc adapted to 
replace iron salts as therapeutic agents, are apparently less liable to 
interfere with normal digestive action. 


Zinc sulphate. 


ZnS0 4 +7H 2 0. 

Undigested 

residue. 

Fibrin 

digested. 

Relative proteo¬ 
lytic action. 

0 

0*5035 gram. 

49*65 per cent. 

100*0 

0*005 per cent. 

0 5175 

48*25 

97*2 

0*025 

0*5805 

41*95 

84*5 

0*050 

0-6802 

31*98 

64*4 

0*300 

0*8301 

16*99 

34*2 

The action of this salt on trypsin is, 

both in character and extent, 

similar to its action on the amylolytic ferment of 

saliva. Com- 

pared with pepsin-hydrochloric acid, however, the action of the salt 

is seen to be more energetic on the pancreatic ferment. 



Barium chloride. 


The following results were obtained: 



BaClg+SHgO. 

Undigested 

residue. 

fl 

P 

Relative proteo* 
lytic* artlon. 

0 

0*3710 gram. 

62*90 por cent 

100*0 

0'05 per cent. 

0 3515 

04*85 

103*1 

0*5 

0*3885 

61*15 

97*2 

3*0 

0*4986 

50-14 

79*7 

With this salt a 

slight acceleration 

in proteolytic action is to be 

seen with 0-05 per cent., while the larger amounts cause noticeable 

retardation. 





Magnesium sulphate. 


MgSO^+IH^O. 

Undigested 

residue. 

Fibrin 

digested. 

Relative proteo¬ 
lytic action. 

0 

0 3495 gram. 

65*05 per cent 

100*0 

0*05 per cent. 

0*3541 

04*59 

99*3 

0*5 

0*3810 

61*90 

95*1 

3*0 

0*4706 

52*94 

81*3 
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Here retarding action is similar in extent to the action of 
barium chloride. Compared with zinc sulphate, the difference in 
action on trypsin is about the same in extent as the difference found 
in the action of the two salts on the amylolytic ferment of saliva. 
The retarding action of this salt on pancreatic digestion has been 
previously noticed by Pfeiffer.* 

Potassium permanganate. 

The retarding action of potassium permanganate is very pro¬ 
nounced. There is, however, a noticeable difference between the 
action of the salt on trypsin and its action on pepsin and ptyalin, the 
two latter being much more readily affected by the permanganate; 
that is, by much smaller percentages. 


KgMnsOg. 

Undigested 

residue. 

Fibnn 

digested. 

Relative proteo¬ 
lytic action. 

0 

0*4562 gram. 

54*38 per cent. 

100*0 

0*001 per cent. 

0*4570 

54*30 

99*8 

0*003 

0*4608 

53*92 

99*1 

0*010 

0*4833 

51*67 

95*0 

0 

0*3676 

63*25 

100*0 

0*1 

0*4487 

55*13 

87*1 

0*5 

0*7769 

22*31 

35*2 

1*0 

1*0 

0 

0 


Potassium dichromate. 


K 2 Cr207- 

Undigested 

residue. 

Fibrin 

digested 

Relative proteo¬ 
lytic action. 

0 

0*3978 gram. 

60-22 per cent. 

100*0 

0*05 per cent. 

0*4032 

09-68 

99*1 

0*2 

0*4245 

57-55 

95*5 

0*6 

0*4693 

53-07 

88*1 

1*0 

0*5525 

44-75 

74-8 

1*5 

0*6321 

36-79 

61-0 


The retarding action of this salt is proportionally greater than 
that of the other potassium salts, indicating that the acid has a 
specific action of its own. Moreover, being an acid salt, the acid radi¬ 
cal is present in larger amount than in the neutral potassium salts 
experimented with. 


Potassium cyanide . 

The very pronounced acceleration in proteolytic action caused by 
the larger percentages of this salt is very interesting, especially when 
we recall the fact, that the retarding action of the same salt on the 


* Centialbl med. Wiss,, 1885, p. 328. 
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amylolytic ferment of saliva and on the proteolytic ferment of 
gastric juice was equally decided, even with very small pecentagcs. 


KCN. 

Undigested 

residue. 

Fibrin 

digested. 

Relative pi c 
lytic actio j 

0 

0*2608 gram. 

73*32 por coni 

100*0 

0*005 per cont. 

0*2*790 

72*10 

98*3 

0*025 

0*2840 

71*60 

97 C 

0*050 

0*2678 

73*22 

99*8 

0*100 

0*2600 

74 00 

100 9 

0 

0*3675 

63*25 

100*0 

0*3 

0 2076 

79*24 

125*2 

0-6 

0*1985 

80*15 

126*7 

1*0 

0-2697* 

73*03 

115*4 

1*5 

0-3316* 

66*85 

105*6 


Potassium ferrocyanide and Potassium ferricyanide. 
With these two salts the following results were obtained: 


K 4 FetCN) 6 +8H 2 0. 

Undigested 

residue. 

Fibrin 

digested. 

Relative protoo 
lytic action 

0 

0*3045 gram. 

69*55 per cent. 

100*0 

0*005 per cent. 

0*3363 

66*37 

95*4 

0*50 

0*3293 

67*07 

96*4 

2*00 

0*3753 

62*47 

89*8 

0*005 per cent. 

0*3268 

67*32 

96*8 

0*05 

0*3370 

66*30 

95*3 

2*00 

0*3912 

60*88 

87*5 


Here, unlike the cyanide, there is no acceleration in the proteolytic 
action of the ferment, neither on the other hand is there very pro¬ 
nounced retardation; less indeed than is produced by a like per¬ 
centage (2*0) of sodium chloride. 

Sodium tetraborate. 


With this salt we obtained the following results: 


tfa*B4O7+10H*O, 

Undigested 

residue. 

Fibrin 

digested. 

Relative proteo¬ 
lytic action 

0 

0*4116 gram. 

58*84 per cent. 

100*0 

0*05 per cent. 

0-3729 

62-71 

106*5 

0*2 

0*3260 

67 40 

114*5 

0*5 

0-2332 

76-68 

130'3 

1*0 

0-1860 

81-40 

138-3 

2*0 

0-1663 

83-37 

141.7 

3*0 

0-2276 

77-24 

131-2 

5*0 

0-3141 

68-69 

116-6 


*It was impossible to wash these completely, consequently the weights are 
undoubtedly too high. 
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Here, unlike tlie action of the bait on the two preceding ferments 
studied, there is to be seen a gradual increase in proteolytic action, 
which is very pronounced in the presence of 2 per cent of the salt, 
then gradually diminishes; although even with 5 per cent, of the 
crystallized salt, the action of the ferment continues to he increased 
far above that of the normal juice. 


Sodium sulphate. 


Following are the results obtained : 


Na^bOt+lOIIjO 

0 


0*05 per cent. 
0*5 
2*0 
5*0 


0*3495 gram. 

0*3602 

0*3558 

0*3938 

0*4360 


digested. 

65*05 per cent. 
03*98 
64*42 
60*62 
56*40 


Relative proteo¬ 
lytic acti< 

100*0 

98*3 

99*0 

93*1 

86*7 


The retarding action of this salt is quite pronounced, although it 
is noticeable that its retarding action is not equal to that of mag¬ 
nesium sulphate nor indeed to that of sodium chloride. Pfeiffer* 
has also noticed the retarding action of this salt. Weiss,f however, 
has stated that sodium sulphate in very small quantity increases 
the proteolytic activity of a pancreas extract. As we have not 
seen the original article we do not know whether definite per¬ 
centages were employed or not; with 0*05 per cent, of the crys¬ 
tallized salt, under the conditions of our experiment, there was 
certainly no acceleration in proteolytic action. 


Potassium chlorate and Potassium nitrate. 


XClOj. 

Undigested 

residue. 

Fibrin 

digested. 

llelatne pioteo- 
lytic action. 

0 

0*3662 gram. 

63*38 per cent 

100 0 

0 05 per cent 

0*3991 

60*09 

94*8 

0*50 

0-3743 

62-57 

98-7 

2 00 

0*4101 

58*99 

93*0 

kno 3 . 

0 

0*3710 gram. 

62*90 per cent 

100*0 

0*05 per cent. 

0-3751 

62-49 

99-3 

0*5 

0*3804 

61*96 

98*5 

2*0 

0-4080 

59*20 

94*1 

5*0 

0-4473 

66-27 

87-8 


* Loc. cit 

| Jahresbericht fiir Thiercbemie, 1876,!p. 177. 
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The effects of these two salts on the proteolytic action of the for 
rnent are very similar, with the exception that potassium chlorate 
appeals to be a little more energetic in action than the nitrate. 
Weiss* * * § ' has stated that a very small quantity of potassium nitrate 
added to a pancreas infusion, causes slight increase in the proteolytic 
activity of the ferment. This, however, is not observahlo in our cx* 
periment with 0*05 per cent., although retardation is very slight. 


j Potassium chloride. 

This salt, unlike sodium chloride, appears to cause retardation of 
proteolytic action, and is without any accelerating influence what¬ 
ever. The extent of its retardation, however, is not so great as in 
the case of sodium chloride. Following are the results obtained. 


KCl. 

o 

0*05 per cent. 
0*5 
2*0 
5*0 


Undigested 

residue. 

0*3662 gram. 

0*3140 

0*3612 

0*4331 

0*4123 


Fibrin Relative protoo- 

digested. lytic action. 

63*38 per cent. 100*0 

62*60 08*1 

63 21 99*8 

50*09 89*4 

52*11 83*2 


Sodium chloride. 

With this salt many previous experiments have been tried; Ileid- 
enhain,f after noting the accelerating action of sodium carbonate, 
tried the influence of sodium chloride and found that it increased 
the proteolytic power of the ferment. E. Pfeifler, however, states 
that he found sodium chloride to exert a retarding influence on the 
proteolytic action of the pancreatic ferment. PfoifferJ moreover 
states that he found sodium carbonate to exert its accelerating action 
only when present in 0*5 per cent., not in 0*24 per cent, as found by 
Heidenhain. Recent results§ obtained by us in another connection, 
however, fully substantiate Heidenhain’s statements on this point. 
Lastly, LindbergerJ has found that sodium chloride, which in a neu¬ 
tral or alkaline solution of trypsin accelerates its proteolytic action, 
causes in an acid solution (0*018 per cent. HC1, presumably as acid- 
proteid) marked retardation of ferment action, without, however, 


* Loo. cit 

t Beitrage zur Kenntniss des Pancreas, Pfiuger’s Arcliiv, vol. x, p. 618. 

% Loc. cit 

§ Chittenden and Cummins, Amer. Ohem. Jour,, vol. vii, p. 46-41. Also Trans. 
Conn. Acad., vol. vii. 

| Jaluresbericht fur Thierchemie, 1883, p. 281. 
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causing destruction of the ferment, as after dialysis the ferment was 
again active. 


Our results accord in the main with Heidenhain’s; acceleration, 
followed by retardation of proteolytic action as seen from the follow¬ 
ing figures. 


NaCl, 

Undigested 

lesidue. 

Fibim 

digested. 

Relathe pioteo- 
lytic action 

0 

0*2993 gram. 

70*07 percent. 

100*0 

0 06 per cent. 

0*2635 

73*65 

105*1 

0*2 

0*3001 

60*99 

99*8 

0-5 

0*3372 

66*28 

94*5 

1*0 

0*3923 

60*77 

86 -1 

2*0 

0*4352 

56*48 

80-6 

3*0 

0*436] 

56*39 

80-4 

5*0 

0*4740 

52*60 

75-0 

Potassium bromide and potassium iodide. 


The action of these two salts is 

wholly an accelerating one; more 

pronounced, however, 

in the case of the bromide than 

in the iodide. 

Following are the results of the experiments: 


KBr. 

Undigested 

residue. 

Fibrin 

digested. 

Relative proteo¬ 
lytic action*. 

0 

0*3881 gram. 

61*19 per cent. 

100*0 

0*05 per cent. 

0*3773 

62*20 

101*6 

0*5 

0*3681 

63*19 

108*2 

2*0 

0*3795 

62*05 

1014 

6*0 

0*3278 

67*22 

109*8 

XI. 




0 

0*3881 gram. 

61*19 per cent. 

100*0 

0*05 per cent 

0*3575 

64*26 

105*0 

0*5 

0*3915 

60*85 

99 4 

3*0 

0*3897 

61*03 

99*7 


Influence of gases on the proteolytic action of trypsin. 

Podolinsfei* in Ileidenhain’s laboratory, has shown that oxygen 
gas has the power of converting the zymogen of pancreas into the 
active ferment and that carbonic acid is without such power; more¬ 
over, that carbonic acid added to a sodium carbonate solution of 
pancreatin (trypsin) retards the proteolytic action of the ferment, 
because the normal carbonate is thus changed into acid carbon¬ 
ate which does not favor the action of the ferment so well as the 
simple salt. Hydrogen was found to be without such action. Podo- 
linski further found that while oxygen favored the conversion of 
zymogen into the ferment, it did not influence the proteolytic action 


* Pfiuger’s Archiv, vol. siii, p. 426. 
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the ferment. Hydrogen was also found to be without marked action 
on the ferment, but carbonic acid retarded decidedly the proteolytic 
action of the ferment in an alkaline solution. 

We have tried the influence of three gases, such as the ferment 
would naturally be brought in contact with in the intestinal canal, 
and find that they exert a marked influence on the activity of the 
ferment. We employed, as in the preceding experiments, a neutral 
solution of trypsin, and kept the solutions saturated with the gas 
during the experiment, by passing a constant current through the 
fluid contained in a small flask. As a control, air was passed 
through one digestive mixture, which served to keep the powdered 
fibrin in an equal state of agitation and thus make accurate com¬ 
parison possible. 

Following are the results: 

Undigested 
losiduo 

Air.0*4218 gram. 

Hydrogen (H)_*_ 0 3610 

Carbonic acid (C0 2 )- 0*5666 

Hydiogen sulphide (H 2 S)- 0*4884 

From this it is seen that hydrogen gas causes a slight acceleration 
in the proteolytic action of the ferment, while carbonic acid causes 
marked retardation, which fact agrees with Podolinski’s results, and 
shows moreover, that the action of the gas is the same in neutral and 
alkaline solutions. Hydrogen sulphide also causes retardation, 
although not so marked as carbonic acid. 

Influence of alkaloid salts on the proteolytic action of trypsin. 

So far as we know, no previous experiments have been tried on this 
subject. Our results show, so far as our experiments extend, a greater 
susceptibility on the part of trypsin to the action of alkaloids than the 
amylolytic ferment of saliva. Moreover, with trypsin, the alka¬ 
loids in only one case cause acceleration of proteolytic action. Com¬ 
pared with pepsin-hydrochloric acid, however, wo find that neutral 
solutions of trypsin are not so readily affected as the former ferment, 
except by one alkaloid, viz: narcotine, where retarding action is very 
pronounced. All of the alkaloids experimented with were in the 
form of pure sulphates. 

Morphine sulphate . 

This salt exerts but little retarding action. The results are as 
follows: 


f Ibrln Be lative i>roh u 

(UgOHlcd. 1JIU at l ion 

67 82 per eonl 100 0 

63 30 100 1 

43-35 74 0 

61 10 8b 6 
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(Mo> 2 .H;SO 4 +0H f O. 

Undigested 

residue. 

Fibrin 

digested. 

Relititc proteo¬ 
lytic action. 

0 

0-3875 gram. 

61*25 per cent. 

100*0 

0*05 per coni. 

0-3952 

60*48 

98.7 

05 

0*4103 

68*95 

96*2 

2*0 

0-4542 

51*58 

89-1 


Atropine sulphate . 


This alkaloid is 

very similar to morphine in its action. 

(At) 2 • II 2 SO 4 . 

Undigested 

residue. 

Fibrin 

digested. 

Relative proteo¬ 
lytic action. 

0 

0'3875 gram. 

61*25 per cent. 

100*0 

0*05 per cent. 

0-3909 

00*91 

99*4 

0*5 

0-4078 

59*22 

90*6 

2*0 

0-4619 

53*81 

87*8 


Stolnikow* has stated that a very small amount of atropine sul¬ 
phate is without influence on the ferment power of a glycerine ex¬ 
tract of pancreas, but that large amounts of the alkaloid salt, con¬ 
siderably diminish the proteolytic action of the ferment. 

Strychnine sulphate and Brucine sulphate . 

These two alkaloids produce more marked effects on the ferment, 
than the preceding. Of the two, as the results show, strychniue is 
more powerful in preventing proteolytic action. 


Alkaloid salt. 

Undigested 

residue. 

Fibrin 

digested. 

Relative proteo¬ 
lytic action. 

0 

0*4511 gram. 

54*89 per cent. 

100*0 

(Sr) t .H t SO, + 6H i O. 




0*05 per cent. 

0*4760 

52*40 

95*4 

0*5 

0*5792 

42*08 

16-6 

2*0 

0*6882 

31*18 

56*8 

(Br) 2 - H 4 SOi + H 2 0. 




0*05 

0*4915 

50*85 

92*6 

0*5 

0*5480 

45*20 

82*3 

2*0 

0*5452 

45*48 

82*8 


Narcotine sulphate . 


(Na) 4 . HgSO^+HjO. 

Undigested 

residue. 

Fibrin 

digested. 

Relative proteo¬ 
lytic action. 

0 

0*4511 grain. 

54-89 per cent. 

100*0 

0*05 per cent. 

0*5205 

47-95 

87*3 

0*5 

0*9943 

0-57 

1*0 

2*0 

1*0 

0 

0 

This alkaloid causes a complete stopping of proteolytic action 
nearly so, even when present to the extent of only 0*5 per cent. 


* Virchow’s Archiv, vol, sc, p. 435. 
Trans. Conn. Acad., You. VIL 16 


Oct., 1885. 
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Quinine sulphate , Cinchonine sulphate and Cinchonidine sulphate. 
The following table of results shows the action of these three salts: 


Alkaloid Hall. 

UiulIffCHled 

residue. 

Fibrin 

digested. 

Keluthe nroteo- 
Ijtic net ion. 

0 

0*4679 gram. 

53*21 permit. 

100*0 

(Q)j , HaSOi + *1 HaO. 

0*06 per cent. 

0*4811 

51 89 

97*5 

0*5 

0*6310 

36*90 

69*3 

2-0 

0*7600 

24*00 

45*1 

(0i) a . H.SOt + 2HjO. 

0*05 

0*4868 

51*32 

96*4 

0*5 

0*6409 # 

35*91 

67*4 

2*0 

0*8327 

16*73 

31*1 

(Cidinob. HaSO » 4* 3HjO. 

0 05 0*4407 

55*33 

104*0 

0*5 

0 5977 

40*23 

75*6 

2*0 

0*7707 

22*93 

43*0 


Cinchonidine, in the smallest percentage, causes a slight accelera¬ 
tion in proteolytic action; retardation is also less marked with 0*5 
per cent, than in the case of the other two alkaloids. Otherwise the 
results are much alike. 

On the opposite page is a tabic showing relative action of the 
various salts on the proteolytic power of the ferment, compared 
with the action of the controls expressed as 100. 

O. Nasse,* by a study of the influence of various salts (inorganic) 
on fermentation, particularly their influence on the amylolytic action 
of the salivary ferment, pancreatic ferment, and the invert ferment 
of yeast, came to the conclusion that there is a manifest and import¬ 
ant dependence on the part of the ferments in question, in their 
action, on the preseuce of salt molecules, and moreover, that this 
dependence is specific for each individual ferment; that the quantity, 
as well as the quality of a salt, exercises a specific influence upon 
each ferment. 

Our own results, with still different ferments, and with a larger 
number of substances, both related and more varied in character, all 
testify to the truth of this statement, viz: that the unorganized fer¬ 
ments are much influenced by the presence of salts, and moreover, 
that there is no distinct relationship among the ferments in question 
in their behavior towards the various salts experimented with, as a 
study of the three tables of comparisons show. Thus one and the 
same salt may affect two ferments in quite a different manner, as seen 


* Pfluger’s Arehiv, vol. xi, p. 151 
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in the action of sodium tetraborate on the salivary ferment ami on 
trypsin. 

It is moreover, evident, from a comparison of the results obtained 
with the three ferments, that under the conditions of dilution, elc., 
with which our experiments were tried, the salivary ferment is the 
most sensitive to the action of the various salts, while of the other 
two, trypsin is as a rule most readily affected. Still, it is hardly 
possible to draw a direct comparison between the two proteolytic 
ferments, since they act under such different conditions; the fact 
that pepsin acts only in an acid medium and that both the strength 
and nature of the acid affect the activity of the ferment, intro* 
duces an additional factor which makes direct comparison in the 
case of the two ferments impossible. The possible reason for the 
slight acceleration of proteolytic action produced by several neutral 
salts, in the case of pepsin-hydrochloric acid, has been already referred 
to; but why neutral salts, which in large percentages show retarding 
action, should in smaller percentages added to a neutral solution of 
the ferment (ptyaliu or trypsin) produce acceleration, can only be 
conjectured. We might assume a simple stimulation of ferment 
action by mere contact. That it may become very pronounced, is 
evident from the action of borax, potassium cyanide and potas¬ 
sium bromide in the case of trypsin and mercuric cyanide, ammonium 
arsenate, ferrous sulphate, potassium chlorate, sodium chloride, tartar 
emetic, and alkaloid salts in the case of the salivary ferment. 

As to the manner in which the various salts produce retardation 
of ferment action, it would appear as if many of the results obtained, 
could be accounted for only by assuming, in addition to the views 
already offered, a direct influence in many cases, cither destructive 
or hindering, on the ferment itself. 

Those substances, which are particularly injurious to animal cells 
show in many cases no retarding action whatever, on the unformed 
ferments; this is particularly noticeable in the case of the arsenic 
compounds," which affect the ferments only as the solutions become 
acid. On the other hand, certain of the metallic salts are alike inju¬ 
rious to both and doubtless for the same reason, viz: on account of 
their power of combining with albuminous matter, which fact applies 
with equal force to the vegetable organisms (organized ferments). 
Nearly ail germicides act injuriously on the unformed ferments. 
Many salts, however, well known as antiseptics, are without injuri¬ 
ous action, except when present in large quantity; notably borax in 
the case of trypsin or boracic acid in the case of pepsin-hydrochloric 
acid. 



VTI I. —INFLUENCE OF TEMPERATURE ON THE RELATIVE AmYL- 

o lytic 1 Aotion of Saliva and the Diastase of Malt. By 

K. 11. Chittenden and W. E. Martin, Ph.B. 

It has long been known that the ferment of saliva and the diastase 
of malt, differ from each other in the temperature best adapted to 
their amylolytic action. Paschutin* * * § states that saliva ten times dilu¬ 
ted, converts starch into dextrin and sugar most rapidly at 38° to 
41° 0., while the strongest action of the malt ferment occurs at *70° C.; 
rising slowly from 50° C. up to this temperature. According to 
Ktihne,f the amylolytic action of salivary ptyalin is most energetic 
at 35° C., while the action of malt diastase is most rapid at 66° C.; 
ptyalin being destroyed at 60° C. KjeldahVf states that the amylolytic 
power of diastase rapidly increases with increase of temperature up 
to -4-50° C. By 54° C., ferment action is more vigorous than at 50° 
C., while maximum action lies between +54° C. and +63° C. Above 
4-63° C. amylolytic action rapidly diminishes with increase in tem¬ 
perature. 

Exposing diastase for a long time to a temperature below 63° C. 
does not, according to Kjeldahl, weaken perceptibly the action of the 
ferment. Higher temperatures, however, cause a diminution in amyl¬ 
olytic power proportional to the length of time the ferment is heated; 
thus Kjeldahl states that long continued warming at 4-66° C. produces 
the same effect upon diastase as heating for a shorter time at 4- / 0° C. 
For the ptyalin of saliva, Kjeldahl finds the temperature most favor¬ 
able for amylolytic action to be about 4-46° C. From this tempera¬ 
ture, amylolytic action diminishes on both sides, although somewhat 
more rapidly by increase in temperature. 

O’Sullivan^ and Brown and Heron|| have also studied the in¬ 
fluence of temperature on the amylolytic action of malt extract, 
more however with a view to ascertaining the relative proportion of 
products (maltose and dextrin) formed and the nature of the change 
involved, than any comparison of the effect of temperature on the 
energy of the ferment. 

* Quoted by Hoppe-Seyler, Physiologische Chemie. p. 181. 

f Lebrbuob der Physiologi scheu Chemie, p. 20-21. 

$ Abstract in Jahresbericht fdr Thierchemie, 1879, p. 381-383. 

§ On the action of malt-extract on starch, Journal Chera. Soe., 1816, ii, p. 125. 

| Beitrage zur G-eschichte der Starke und der Yerwandlungen derselben. Liebig’s 
Annalen der Chemie, vol. exeix, p. 213, Also Journal Chem. Soe. 
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Hiippe* likewise, has made a study of the effect of high tempera¬ 
tures on the two ferments, in manner similar to the experiments of 
Bull, Ilufner and Salkowski, not, however, to ascertain the effects of 
definite temperatures on ferment action, hut rather to ascertain the 
extent to which the dry ferments can be heated without destroying 
their peculiar properties. 

It has been our purpose to obtain by quantitative methods, definite 
expressions of the influence of temperature on the relative amylolytic 
action of the two ferments. 

Our method of determining amylolytic action, is based upon the 
gravimetric determination of the cupric oxide-reducing power of the 
solution, resulting from the action of the ferment upon starch paste, 
according to the method of AUihn.f This gives very concise and 
definite results of admitted accuracy. The cupric oxide-reducing 
power of a solution, resulting from the amylolytic action of these two 
ferments, must necessarily express the degree of intensity of ferment 
action, since the more energetic the action, the larger the amount of 
sugar (maltose and dextrose) formed, with higher reducing power; 
while the weaker the action, the larger the amount of dextrins 
with lower reducing power. 

The amylaceous material employed in the experiments, was purified 
corn starch. In each experiment 1 gram of the starch was made into 
a paste with 50 c. c. of boiling water, then 40 c. c. more water were 
added, and lastly, when everything was in readiness, 10 c. c. of the 
ferment solution, either saliva or malt extract; thus making a volume 
of 100 c. c. containing 1 per cent, of starch. In every case, the fer¬ 
ment was allowed to act upon the starch at the desired temperature 
for exactly thirty minutes, when further ferment action was at once 
stopped by the addition of a definite quantity of dilute acid. The 
ferment being thus destroyed, the solution was neutralized by adding 
an amount of sodium hydroxide equivalent to the acid, after which 
the solution was concentrated, then made up to exactly 100 c. c., and 
in 25 c. c., or one-fourth of the filtered fluid, the reducing bodies were 
determined. From the weight of metallic copper so obtained, the 
reducing bodies are, for the sake of comparison, calculated as dex¬ 
trose, from which in turn is calculated the percentage of starch con¬ 
verted. Naturally the amount of starch digested, is larger than the 
figures indicate, since the reducing power of maltose and the dex¬ 
trins is much smaller than that of dextrose, but the above method 
of calculation is most convenient and for comparison quite sufficient. 

* Jalireebericht lur Thierchemie, 1881, p. 446. Ueber das Verhalten ungeformter 
Ferments gegen hohe Temperaturen. 

]• Zeitschrift fur Analytische Chemie, xxii, p. 448. 
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The saliva employed in the experiments was filtered, human 
mixed saliva, carefully neutralized and then diluted ; 20 c. c. saliva 
to 80 c. c. water. As 10 c. c. of this fluid were used in each experi¬ 
ment, 1 gram of starch was exposed to the action of 2 c. c. of normal 
saliva in a dilution of 1:50. 

The malt extract was prepared from coarsely ground, malted barley 
by extracting 10 grams with 200 c. c. water at 40° C. for 3-4 hours; 
then filtering, neutralizing and diluting to 500 c. c., a few drops of 
thymol being added to prevent acid fermentation. The amylolytic 
power of 10 c. c. of this diluted extract was a little more than that of 
a similar quantity of the dilute saliva. Each series of experiments, 
however, was made with different extracts, each of which showed 
considerable variation in amylolytic power. 

A. Amylolytic action at definite temperatures . 

In all of these experiments, the 90 c. c. of fluid containing the 
starch paste was brought to the desired temperature by immersion 
in a large water-bath carefully regulated, the thermometer being 
immersed in the vessel containing the starch paste. In a similar 
manner, the ferment solution was quickly brought to the same tem¬ 
perature, care being taken in the latter case, that the fluid did not go 
beyond the requisite point. When the temperatui'e became con¬ 
stant, 10 c. c. of the ferment solution were added and the action con¬ 
tinued for thirty minutes. 

The results are clearly expressed in the following series of tables: 



Series ISaliva. 


Temperature. 

Wfc. Cn la M- 

Total amount 
reducing bodies. 

Starch 

converted. 

10° 0. 

0*0935 gram. 

0*1904 gram. 

17*19 percent. 

20 

0*1227 

0*2496 

22 46 

40 

0*1410 

0*2872 

25 83 

50 

0*1003 

0*2040 

18*35 


Series H— Saliva. 


Temperature. 

Wt. Cu in a. 

Total amount 
reducing bodies. 

Starch 

converted. 

20° 0. 

0*0891 gram. 

0*1816 gram. 

16*34 per cent. 

30 

0*0945 

0*1924 

17*31 

40 

0*1203 

0*2448 

22*03 

50 

0*1419 

0*2888 

25 99 

55 

0*1129 

0*2296 

20*66 

60 

0*0451 

0*0936 

8*42 

63 

0*0125 

0*0282 

2*53 


* It is of course understood, that the results in any one series are obtained with the 
same ferment solution. 
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Series III.—Saliva. 




Totiil amount 

Starch 

Temperature. 

Wt. Cu In H. 

reducing bodies. 

convened. 

20" 0. 

0-1177 grain. 

0*2396 gram. 

21*56 pni* cent. 

30 

0-1273 

0-2592 

23*32 

40 

0-1285 

0-2616 

23*51 

45 

0-1174 

0-2392 

2L-52 

50 

0-1131 

0-2300 

20-70 

55 

0-1029 

0-2092 

18-82 

60 

0-0883 

0 1800 

16*16* 

65 

0*0354 

0*0748 

6 73 

TO 

0-0017 




Series IT.—Saliva 




Total amount 

Starch 

Temperature. 

Wt. Cu in u- 

reducing bodies. 

converted. 

25° C. 

0*0748 gram. 

0*1528 gram. 

13-75 percent. 

30 

0-0897 

0*1828 

16 45 

40 

0-1070 

0-2180 

19-62 

45 

0-0990 

0*2016 

18.18 

50 

0-0806 

0-3644 

14-79 

55 

0-0715 

0-1460 

13.14 

60 

0 0278 

0-059G 

5-36 

65 

0-0142 

0-0328 

2*95 


Series V.—Saliva. 




Total amount 

Starch. 

Temperature. 

Wt. On in 

reducing bodies. 

converted. 

40° 0. 

0*1062 gram. 

0*2164 gram. 

19 47 per cent. 

2 

0-0611 

0-1252 

11-33 


Series VI.— 

-Malt Extract. 




Total amount 

Starch 

Temperature. 

Wt.CuInJ*. 

reducing bodies. 

converted. 

30° C. 

0-1874 gram. 

0-2800 gram. 

25.20 percent. 

40 

0-1520 

0-3100 

27-90 

50 

0-1606 

0-3280 

29*52 

60 

0-3408 

0*2864 

25-77 

70 

0*0544 

0*1124 

10*11 

80 

0-0127 

0*0296 

2-60 


Series VII.- 

-Malt Extract. 




Total amount 

Starch 

Temperature. 

Wt, Cu in M* 

reducing bodies. 

converted. 

36° 0. 

0*1573 gram. 

0-3208 gram. 

28*87 per cent. 

45 

0-1552 

0-3168 

28-51 

50 

0-1575 

0-3212 

28-90 

55 

0*1617 

0*3300 

29.70 

65 

0-0585 

0*1200 

10-80 

T5 

0-0366 

0-0768 

6-91 


* See remarks further on, in regard to this high result. 
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Series VIII.- 

—Malt Extract. 


Temperature. 

Wt. Cu in u. 

Total amount 
reducing bodies. 

Starch 

converted. 

30° C. 

01301 gram. 

0-2648 gram. 

23*83 per cent. 

40 

01471 

0*2996 

26*96 

45 

01542 

0 3148 

28*33 

50 

01488 

0-3036 

27*31 

55 

01320 

0*2688 

24*19 

60 

0*0691 

0*1412 

12*70 

65 

0-0654 

0*1840 

12*06 


Series IX.— 

-Malt Extract. 


Temperature. 

Wt. Cu in 

Total amount 
reducing bodies. 

Starch 

converted. 

30° 0. 

0*1283 graru. 

0*2612 gram. 

23-50 per cent. 

35 

0-1435 

0*2924 

26*31 

40 

01507 

0*3072 

27*64 

45 

0*1562 

0*3188 

28*69 

48£ 

01573 

0*3208 

28*87 

50 

0-1588 

0-3244 

2919 

55 

0*1445 

0-2944 

26*45 

60 

0*0742 

0-1516 

13*64 

65 

0*0561 

0*1152 

10*36 


Series X.— 

-Malt Extract. 


Temperature. 

Wt. Cu in M- 

Total amount 
reducing bodies. 

Starch 

converted. 

§ 

o 

p 

0*1419 gram. 

0*3042 gram. 

27*36 per cei 

2 

0*0299 

0-0636 

5*72 


By a study of these results, it is evident that in the case of the 
salivary ferment, variations in amylolytic action are not very great 
between the temperatures of 20° and 50°, or even 55° 0. With the 
temperatures experimented with, however, amylolytic action appears 
to reach its maximum, in the case of saliva, at 40°; although in one 
single instance, for some unaccountable reason it appeared to be 
greater at 50° C. With the diastase of malt on the other hand, 
amylolytic action reaches its maximum at 50° C., although in one in. 
stauce it appeared somewhat greater at 55° O.; great variations, how¬ 
ever, are not to be observed between the temperatures of 30° and 55° 
C. Brown and Heron,* working with extract of malt and pure potato 
starch at different temperatures, obtained results by determination of 
both specific rotary power and cupric oxide-reducing power, which 
point to the same conclusions as those obtained by us. Thus at 40° C., 
the malt extract having been previously heated at the same temperature 
for 20 minutes, these investigators found at the end of 30 minutes, as 

* Liebig’s Annalen der Chemie, vol. cxcix, p. 221. Also Journal Chexn. Soc., 1879. 

Trans. Conn. Acad., Vol. VII. 17 Oct., 1885. 
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a result of the action of the malt extract on the starch (a)/=163*3°, 
while at 50° CL under the same conditions (a)j = 162’?° and at 60° C. 
{a)j~ 164*1°, or in a second experiment, (a)j = 163*7°. These re¬ 
sults show at 50° C. the formation of a little more maltose than at 
40°, although the difference is very slight; while at 60° C. the amount 
of maltose formed, is less even than at 40° C. Evidently then, the 
maximum amylolytic action of diastase of malt takes place at tem¬ 
peratures far below 60° C.; even below 55° C. 

At very low temperatures, there is a corresponding difference in 
the action of the two ferments, as is apparent from the results ob¬ 
tained at 2° CL; the ferment of saliva being comparatively far more 
active at this temperature than the ferment of malt. 

Hence it is apparent throughout, that diastase requires a higher 
temperature than the salivary ferment, in order to act with equal 
vigor; at the same time it is evident that at the body temperature, say 
40° C., the difference in action between the two ferments is not 
very great. At 80° C. the diastase of malt still acts upon starch, 
although only slightly; the salivary ferment, however, under the 
conditions of our experiments, does not act at all at 70° C. and only 
slightly at 65° C. With these higher temperatures, it makes con¬ 
siderable difference in the ultimate result, whether the ferment solu¬ 
tion is quickly brought to the desired temperature or not, and 
whether it remains long at the temperature in question, before being 
added to the starch solution. Thus, in the action of saliva at 60° C., 
if the ferment be warmed quickly to nearly 60° CL, say 59° CL, and 
then added to the starch paste at 61° CL, as was done in the case of 
Series III, amylolytic action is considerably greater than when the 
saliva is actually brought to 60° and kept there for a moment or so 
to be sure of its constancy. Some variation in the length of time, 
required to bring the ferment solution to the desired temperature, 
was unavoidable, and doubtless, slight variations in the results at 
higher temperatures, occur from this cause. It was not, however, 
our purpose at this time, to heat the ferment in order to induce a 
change in its character, but simply to prevent any alteration in the 
temperature of the starch mixture on addition of the ferment, so 
that the action of the ferment on the starch might take place at a 
constant temperature. 
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The effects , on amylolytic action , of exposing the ferment of saliva to 
different temperatures for varying lengths of time. 

Brown and Heron* state that a malt extract, wanned quickly to 
66° C. and then added at once to starch paste at the same temperature, 
differs but little, in the first stages of its action, from a malt extract 
heated at 60° C.; if, however, the malt extract be warmed for say 10 
or 15 minutes at this temperature, previous to adding it to the starch 
paste, its amylolytic action is very much weakened. Evidently then, 
under the influence of the increased temperature, a portion of the fer¬ 
ment is destroyed or else changes are induced, by which the action of 
the ferment is modified. Results of like nature were previously 
obtained by 0’Sullivan,f with malt extract. 

With saliva, we have tried the following experiments, designed 
originally to throw light on the comparative destructibility of the 
ferment. 

Series XI.—Saliva. 

The saliva was exposed to the designated temperature for the speci¬ 
fied time, then added to the starch paste at the same temperature and 
its amylolytic power determined. 

Time of Total amount Starch 

Temperature. exposure. Wt Cu in *4,- reducing bodies. converted. 

60° 0. 0 min. 0*0409 gram. 0*0852 gram. 7*66 per cent. 

60 15 0*0213 0*0464 4*17 

60 30 0*0210 0*0460 4*14 

At 60° C. therefore, the coagulating point of albumin and the tem¬ 
perature at which ptyalin is supposed to be destroyed, it is apparent 
that destruction of the ferment is not complete even by 30 min¬ 
utes exposure to this temperature. The peculiarity of the results, 
moreover, make it doubtful whether we have to do with destruction 
at all* If the reduced amylolytic action is due to simple destruc¬ 
tion of the ferment, we should expect less ferment action after 80 
minutes exposure than after 15 minutes; as it is, the action in the two 
cases is the same. A certain time, however, is required to produce 
the change in the character of the ferment. Similar i*esults are 
shown in the following senes of experiments, conducted in the same 
manner as the preceding, only at different temperatures. 


* Loc. eit., p. 227. 


| Loe cit, p. 143. 
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Series XIL—Saliva. 


Temperature. 

Time of 
exposure. 

Wt. Cu m 

Total amount 
reducing bodies. 

Starch 

converted. 

50° 0. 

15 min. 

0-07*73 gram. 

0*1570 gram. 

14*18 percent. 

50 

60 

0*0765 

0*1560 

14*04 

55 

30 

0-0474 

0-0984 

8*85 

55 

60 

0*0414 

0*0864 

7*21 


Comparing these results with those obtained at like temperatures 
in Series L-III,, it is seen that a few minutes exposure at the desig¬ 
nated temperature* lowers materially the amyloiytic power of the 
solution, while doubling the time of exposure does not materially 
affect the Result; a fact which is not consistent with the view that 
diminution in amyloiytic power, under these conditions, is due to 
gradual destruction of the ferment. 

The following series of experiments, also with saliva, throw ad¬ 
ditional light on the action of high temperatures on this ferment. 
In these two series, the saliva was exposed to the designated temper¬ 
ature for the specified time, then cooled to 40° 0. and added to the 
starch paste at a Wee temperature . 


Series XIII.— Saliva. 


Temperature. 

Time of 
exposure. 

Wt. Cu in iC 

Total amount 
reducing bodies. 

March 

converted. 

40 c C. 

Omin. 

0*1081 gram. 0-2200 gram. 

19*80 percent. 

50 

30 

0-1026 

0*2088 

18*79 

55 

30 

0*0986 

0*2008 

18*07 

60 

30 

0-0279 

0*0596 

5*36 

Temperature. 

Time of 
exposure. 

Series XIV.— 

Wt. Cu in 

Saliva. 

Total amount 
reducing bodies. 

Starch 

converted. 

40° 0. 

0 min. 

0*1062 gram 

. 0*2164 gram. 

19*t7 per cent. 

55 

180 

0*0798 

0*1628 

14 05 


It would appear from these results, that by exposure of the saliva 
to 50° or 55° C., in the latter case for even 3 hours, and then cooling 
to 40° C. and testing the amyloiytic power of the ferment at that 
temperature, less diminution of ferment action is to be observed. 
This speaks still more strongly against destructive action, by simple 
coagulation, and at the same time suggests that not only does expos¬ 
ure to say 55° C. affect the character of the ferment, but also that the 
action of the ferment so treated, is in a given time different at that 
same temperature from what it is at 40° C., or the temperature of 
maximum action. This latter point, however, which is contrary to 
the law laid down by Brown and Heron* for malt extracts at tern* 

* Liebig's Armalen der Ofaemie, vol. exeix, p. 221. Also, Journal Chem. Soe., 18*79. 
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peratuves above 50° C. we reserve for further investigation. Owing 
to the great difficulty in rendering saliva perfectly neutral, it is possi¬ 
ble that the observed low result at 55° C. in Series XII. may be due 
to the presence of a trace of either acid or alkaline carbonate. 

Finally, it is to be observed that the majority of the results ob¬ 
tained, indicate that the influence of different temperatures, on the 
amylolytic action of the salivary ferment, is due rather to change in 
the character of the ferment, than to the direct influence of the 
various degrees of heat upon the cleavage of the starch molecule; 
similar in character to that indicated by the work of O’Sullivan, and 
also of Brown and Heron in the case of malt diastase. 



IX.—Influence of Bile, Bile Salts and Bile Acids on Amylo- 

lytic and Proteolytic Action.* * * § By R. H. Chittenden and 

G*eo. W. Cummins, Ph.B. 

The influence of bile and bile acids on the digestive processes of the 
intestinal canal has long been considered an important one, still few 
experiments have been made to determine the exact influence of these 
substances by themselves on ferment action. The form in which the 
main constituents of the bile exist in the intestinal canal depends 
naturally upon the reaction of the contents of the intestines. If 
these have an acid reaction, bile acids must be present; if alkaline, 
salts of these acids ; and it is fair to presume that under these two 
conditions the presence of bile may be productive of different effects 
on ferment action. Recorded observations tend to show that ordi¬ 
narily the contents of the intestines possess a distinct acid reaction ; 
thus Sehmidt-Miilheimf has found that in dogs fed on albuminous 
matter, the contents of the small intestines are invariably acid, 
although the mucous membrane sometimes possesses an alkaline reac¬ 
tion. It is evident that in such cases the alkali of the bile must 
have combined with the acid of the chyme, which would he followed 
by liberation of the bile acids and partial precipitation of the same 
in combination with the proteid matters of the chyme. Moreover, 
the recorded observations of Schmidt-Mulheim tend to show that 
this acid condition of the contents of the intestines persists through¬ 
out the entire length of the intestinal canal. UffelmannJ has like¬ 
wise found, in corroboration of the above, that the faeces of infants 
naturally nourished possess a weak acid reaction, while, on the other 
hand, Nothnagel,§ as a result of 800 observations, finds that human 
excrement, in the case of adults, varies decidedly in its reaction, 
being generally alkaline, more rarely acid or neutral. It is hardly 
proper, therefore, to conclude that it is only necessary to study the 


* Also published m the American Chemical Journal, vol vn, p. 36 

f Axchiv fur Physiologie, DuBois Raymond, 1879, p. 56. 

t Jahresbericht fur Thierchemie, 1881, p. 805. 

§ Jahresbericht fur Thierebemie, 1881, p, 309. 
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influence of the bile acids in their free condition on ferment action, 
since in the passage of the ferments through the intestinal canal 
there are times, doubtless, when the reaction of the mass is more or 
less alkaline, especially in the small intestines, for some distance be¬ 
yond the opening of the bile and pancreatic ducts. In either case it 
is an interesting point to ascertain whether the bile salts have an 
action at all analogous in kind or extent to that of the free acids. 

Many observations* are recorded concerning the duodenal precip¬ 
itate formed in the duodenum by the action of bile on the acid-re- 
acting chyme. The precipitate itself has generally been supposed 
to consist of a mixture of syntonin, peptone and bile acids, but recent 
experiments of Maly and Eiuichf with pure bile acids tend to show 
that only the nou-peptonised albuminous bodies are precipitated, viz: 
coagulable albumin and syntonin, and these only by taurocholic acid, 
wmle peptone and “ propeptone” remain in solution. This fact lends 
favor to the view advanced by Hammarsten, that the object of the 
precipitation of albuminous matter on the walls of the intestines 
is to prevent its too rapid passage through the intestinal canal, thus 
giving ample opportunity for the action of the pancreatic juice. 

The addition of taurocholic acid to a solution of peptone, Maly 
and Emicb find, is followed by the formation of a distinct opal¬ 
escence or fine dust-like precipitate, slowly changing to fine droplets. 
'J'his precipitate, however, which is doubtless the same as observed 
by Hammarsten and Brticke on the addition of bile to portions of a 
digestive mixture, does not contain according to Maly and Emich, 
any peptone, but consists of taurocholic acid, possibly in a modified 
form. 

Both of these precipitations, however, would tend to mechanically 
throw down, to a greater or less extent, any ferment present, and 
thus diminish ferment action; but, as Maly points out, the main 
reason for a diminished action, in the case of pepsin, is to be sought 
for, not in a precipitation of the ferment, but in the formation of a 
compound of albumin with the bile acid, not digestible by pep¬ 
sin-hydrochloric acid. But since this precipitation, as a normal reac¬ 
tion in the animal body, must take place in the intestinal canal, it is 
equally important to ascertain the extent of its digestibility in pan¬ 
creatic juice, or, in other words, to ascertain the exact influence of 
bile and its several constituents on the proteolytic action of trypsin 


* See Maly iu Hermann’s Handbneh der Physiologie, vol. v, p, 180. 
\ Monatehefte fnr Ohemie, voL iv, p. 89. 
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as well as on the action of pepsin and on amylolytio action. The 
only data bearing on these points are the recent experiments of Maly 
and Emich, who have found that 0*2 per cent, taurocholic acid hin¬ 
ders the digestive action of pepsin-hydrochloric acid, while 1 per 
cent, of glycocholic acid is without influence. The same investigators 
likewise state that 0T per cent, taurocholic or glycocholic acid stops 
the anaylolytic action of the pancreas ferment, and that 0*2 per cent, 
taurocholic acid or 1 per cent, glycocholic acid will completely stop 
the amylolytio action of the salivary ferment. 

Our experiments on this subject were commenced before the above 
results were published, and we have continued them, since we wished 
to ascertain likewise the influence of the bile salts, and also the effects 
of both salts and acids, as well as the bile itself, on the proteolytic 
ferment of the pancreas. The results of Maly and Emich, moreover, 
not being quantitative, do not express the relative effects of the 
various percentages of bile acids used, but simply the percentage of 
acid necessary to stop ferment action under the conditions de¬ 
scribed by them. 

1 .—Influence on Amylolytio Action. 

As amylolytio ferment, we have employed filtered human mixed 
saliva made neutral and then diluted to a known volume. In study¬ 
ing the influence of the various percentages of bile salts and acids 
on the action of the ferment, we have used a digestive mixture (60 
or 100 cc.) containing 1 per cent, of starch previously boiled with 
water, and 2 per cent, of saliva, together with the given percent¬ 
ages of bile salts or acids. The extent of diastatic or amylolytio 
action under the varying conditions was determined in each case by 
estimating the amount of reducing substances, maltose and dextrose, 
formed during 30 minutes warming at 40° C. Further diastatic 
action was at once stopped by boiliug the digestive mixtures, 
after which they were diluted to a known volume, and the induc¬ 
ing substances determined in a given portion of the diluted fluid 
by Allihn’s gravimetric method.* The reducing substances are 
in each instance calculated as dextrose, and the diastatic action is 
expressed in the percentage of starch converted into sugar. 

We first tried the influence of crystallized ox bile, since bile itself 
contains a small amount of a diastatic ferment. A 1 per cent, solu¬ 
tion of nicely crystallized ox bile was made, with which the following 
results were obtained: 


* Zeitwshrift fur aaalytische Cheraie, xxii, 448, 
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Crystallized 

hile. 

Wt. Cu in M * 

Total amount 
reducing' bodies. 

Starch 

convened. 

0 per cent. 

0*0643 gram. 

0*2630 gram. 

23*72 percent. 

0*01 

0*0630 

0*2384 

23*25 

0*02 

0*0686 

0*2804 

25*23 

0*03 

0*0693 

0*2836 

25*52 

0*05 

0*0656 

0*2688 

24*19 

0*10 

0*0734 

0*3000 

27*00 

0*20 

0*0665 

0 - 2124 : 

24*51 

0*35 

0*0447 

0-1860 

16*74 


Here it is plain that a mixture of sodium glycocholate and tauro¬ 
cholate, in such proportion as they are contained in crystallized ox 
bile, exerts no appreciable retarding influence on amylolytic action 
until present to the extent of 0*35 per cent. On the contrary, 
smaller percentages unmistakably tend to increase the diastatic 
action of the ferment The solution of crystallized bile had, how¬ 
ever, a slight acid reaction, and possibly this may have had some in¬ 
fluence in giving the latter results. The saliva and starch were both 
neutral. 

Experiments were next tried with sodium taurocholate alone, and 
also with sodium glycocholate. Following are the results: 


Sodium 

taurocholate. 

Wt. Cu in 

Total amount 
reducing bodies. 

converted. 

0 per cent. 

0*0787 gram. 

0*3212 gram. 

28*90 per cent. 

0*3 

0*0030 

0*0146 

1*51 

0*5 

0*0023 

0*0112 

1*00 

Sodium glycocholate. 
0*5 

0*0783 

0*3196 

28*76 


It is thus plainly evident that sodium taurocholate has a very 
decided action on the amylolytic ferment of saliva, while the same 
percentage of glycocholate is entirely without effect. The retarding 
action of crystallized bile is thus, without a doubt, due wholly 
to the taurocholate. Moreover, even smaller percentages of sodium 
taurocholate retard amylolytic action with almost equal energy. 

The following results were obtained under like conditions as the 
preceding, except that the 2 per cent, of saliva employed was not 
neutralized. 


Sodium 

taurocholate. Wt. Cu in 

0 per cent 0*0590 gram. 

0*14 0*0079 

Sodium glycocholate. 

0*20 0*0758 


Total amount 
reducing bodies. 

Starch 

converted. 

0*1212 gram. 

21*81 percent. 

0*0192 

3*45 

0*1548 

27*86 


* One-eighth of the entire digestive mixture. 
Trans. Conn. Aoad., Ton. TIL 18 


Oor., 1885. 
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Thus even 0*14 per cent, of sodium taurocholate under these 
conditions almost entirely stops amylolytic action. The smaller per- 
centage of glycocbolate, however, causes the same increased amyl¬ 
olytic action observed with the smaller percentages of crystallized 
bile. 

With the bile acids the following results were obtained. The 
glycocholic acid used was a nicely crystallized specimen prepared 
from ox bile, while the taurocholic acid, prepared from the same 
source, was amorphous: 


Per cent. 


Total amount 

Starch 

bile acid. 

Wt. Cu lu 

reducing bodies. 

converted. 

0 

0*0694 gram. 

0*1420 gram. 

25*56 per cent. 

0*01 taurocholic. 

0*0*753 

0*1538 

2*7-68 

0*05 

0*0*783 

0*1598 

28**76 

0*10 

0*0060 

0-0146 

2-63 

0*20 

0 



0*05 glycocholic. 

0*0523 

0-1082 

19-4*7 

0*10 

0*0095 

0*0234 

4-21 

0*20 

0*0056 

0-0136 

2-44 

0*50 

trace 



1*00 

0 




It is thus seen that 0*1 per cent, taurocholic acid prevents amyloly¬ 
tic action almost entirely, while 0-2 per cent, does not allow the con¬ 
version of any starch into sugar. This agrees exactly with the 
results obtained by Maly and Emich.* These same investigators, 
however, found only a trace of amylolytic action in the presence of 
0*05 per cent, taurocholic acid; a result which does not agree with 
what we have found, working, however, under somewhat different 
conditions. 

The presence of 1*0 per cent, glycocholic acid entirely prevents 
the conversion of starch into sugar, while 0*5 per cent, allows only 
the smallest amount of diastatic activity. Maly and Emich likewise 
found that 1*0 per cent, of glycocholic acid stopped the diastatic 
action of saliva. 

We have repeated the last series of experiments in part, using, 
however, normally alkaline saliva instead of neutralized. 


0 

0*1 glycocholic. 
0*2 

0*1 taurocholic. 


Wt. Cu la U. 
0*0590 gram. 
0*010*7 
0*005*7 
0*0052 


Total amount 
reducing "bodies. 

0*1212 gram. 

0*0258 

0*0139 

0*0126 


Starch 

converted. 

21*81 percent. 

4*64 

2*50 

2*26 


* Lqc. oik, p. 118. 
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These results agree exactly with the preceding, and both together 
plainly show that only small percentages of bile acids are required 
to entirely prevent the amylolytic action of saliva. Assuming that 
the amylolytic ferment of the pancreatic juice is similar in its nature 
to the ferment of saliva, it would follow from our experiments that 
whether the contents of the intestines are acid or alkaline, the pres¬ 
ence, beyond a certain percentage, of tauroeholie acid, either as free 
acid or as a taurocholate, would tend to diminish amylolytic action. 
Very small percentages, however, would have little, if any, retarding 
effect, indeed might increase amylolytic action. As to glycocholic 
acid, the free acid is much more powerful in its action on the amylo¬ 
lytic ferment than the sodium salt of the acid. 

Considering these results in the light of a possible application to 
changes in the intestinal canal, it becomes an interesting point to 
ascertain whether bile itself exerts the same influence on amylo¬ 
lytic action as the bile salts. Moriggia and Battistini * state that 
while bile mixed with chyme gives a precipitate which, among other 
things, contains mucin, bile acids and pepsin, thus hindering gastric 
digestion, it does not, on being mixed with saliva, hinder its amylo¬ 
lytic action. This they found to be the case both with bile contain¬ 
ing mucin and with bile from which the mucin had been removed 
by acidifying. We have, therefore, made the following experiments 
with fresh ox bile containing 7*46 per cent, of solid matter. The 
digestive mixtures contained as before 1 per cent, of starch, 2 per 
cent, of neutral saliva, and were warmed at 40° C. for 30 minutes: 


Ox bile. 

Wt. On to a. 

Total amount 
reducing bodies. 

Starch 

converted. 

0 percent. 

0'0753 gram. 

0*3073 gram. 

27*64 per cent. 

2*0 

0-0875 

0-3568 

32*11 

6*0 

0-0690 

0*2824 

25*41 

10*0 

0-0719 

0*2944 

26-50 

20*0 

0-0770 

0*3144 

28*30 


Here in close accord with what has been found before, the presence 
of a small percentage of bile causes increased amylolytic action; 
larger percentages, however, have little, if any, effect; certainly not 
such an effect as would be expected from the known action of the 
bile salts. The bile itself possessed to a slight extent, diastatic 
action; 20 c. c. of the bile (20 per cent) converting 4’53 per cent, 
of the starch into sugar in 30 minutes. This, however, could hardly 
account for the increased amylolytic action noticed above in the pres- 


* Jahresbericht fur Thierehemie, 1876, p. 106. 
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ence of 2 per cent, of bile. Wittich* and also Hofmann have noticed 
the occasional diastatic action of bile, Wittich even extracting the 
ferment from human bile by his glycerine method. Grianuzzi and 
Bufalinif have shown that the action varies considerably • in bile 
from different animals and individuals, and without any apparent 
dependence upon the nature of the food. EwaldJ states that the 
diastatic capacity of bile appears to be slight in all cases, and is not 
found in bile which has stood for some time. We have found, how¬ 
ever, in bile from several animals considerable diastatic power; thus 
in one sample of fresh sheep’s bile, 25 c. c. (25 per cent.) converted 
24-33 per cent, of starch into sugar in 30 minutes at 40° C. We have 
likewise found great variation in diastatic power, varying, expressed 
in the percentage of starch converted into sugar under the conditions 
described, from 4 to 24 in the case of herbivorous animals. We 
have also noticed in bile from sheep and oxen the presence of a 
small amount of sugar, or at least a substance capable of reducing 
Fehling’s solution. In one instance the amount was not inconsider¬ 
able ; 25 grams of ox bile yielding, by Allihn’s method, 0-040 gram 
metallic copper, equal to 0-0209 gram dextrose or 0*08 per cent, 
Naunyn, we believe, has already claimed the presence of sugar in 
bile. 

While we know then that bile acids and bile salts by them¬ 
selves retard very decidedly the amylolytic action of ptyalin, it 
would appear that the retarding influence of the latter may be, in 
part at least, counteracted by other substances naturally present in 
the bile. 


2 .—Influence on the Proteolytic Action of Pepsin, 

It has long been known that bile has a retarding action on pepsin 
digestion, and Maly and Emich have recently shown the percentages 
of bile acids necessary to bring the action of pepsin to a standstill. 
We have, however, in addition, experimented with bile itself, and as 
in the case of the amylolytic ferment, have endeavored to study the 
influence of the bile acids quantitatively. The method employed for 
measuring proteolytic action is one frequently used in this labora¬ 
tory, and which has invariably given satisfactory results. The only 
feature which calls for description is the preparation of the proteid 
matter to be digested. The material consists of carefully selected 

* Jahresbericht far Thierchemie, 18*72, p. 243. 

f Jahresbericht fiir Thierchemie, 1876, p. 197. 

X Lectures on digestion, Amer. ed., p. 77, 
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and thoroughly washed blood fibrin. All soluble matters are re¬ 
moved by successive extraction with boiling water, cold and boiling 
alcohol, an.d finally with cold and warm ether. The fibrin is thus 
obtained in a perfectly friable condition and can be easily ground to 
a coarse powder. It is then dried at 100-110° C. This material is 
well adapted for quantitative experiments with pepsin-hydrochloric 
acid; the residue remaining after a digestion can be rapidly filtered 
with the aid of a pump, and can be easily freed, by washing, from 
peptones and other soluble products of digestion. 

The gastric juice employed in the experiments, consisted of a 
hydrochloric acid solution of a glycerine extract of the mucous mem¬ 
brane from a pig’s stomach, in the proportion of 10 grams glycerine 
extract to 1 litre of 0*2 per cent, hydrochloric acid. 50 or 100 c.c. 
of this pepsin-hydrochloric acid were employed in each experiment, 
to which was added 1 or 2 grams of the dried fibrin (2 per cent.), 
together with the given percentage of bile or bile acids. 

We first tried the influence of bile itself, using fresh ox bile, 
slightly alkaline in reaction and containing 10*02 per cent, of solid 
matter. 

The digestive mixtures were warmed at 40° C. for two hours, then 
filtered at once, and the undigested residue washed thoroughly,* 
and dried at 100° C. until of constant weight. Following are the 
results of the first series of experiments, with 2 grams of fibrin and 
100 c. c. of gastric juice. 


Bile in 

Weight of 

Fibrm 

;ive mixture. 

undigebted residue. 

digested. 

0 per cent. 

0*195t gram. 

90*23 percent. 

0*25 

0*1890 

90*55 

0*50 

0*2050 

SO'TS 

1-00 

0*2234 

88*83 

3-00 ' 

0*5453 

m3 

8-00 

0‘1C42 

61*81 


* In all of the pepsin-hydrochloric acid digestions the presence of bile or bile salts 
naturally causes more or less of a precipitate, dependent in amount upon the percent¬ 
age of bile and also upon the amount of digestive products. In washing the undi¬ 
gested fibrin it was of course necessary to remove this precipitate. This was accom¬ 
plished by pouring over the precipitate on the filter 50 c. c. of 0*5 per cent, potassium 
hydroxide and then washing with water until the alkali was wholly removed. 

The following experiment shows that under these conditions the alkali affects the 
swollen fibrm but little, if any. Two portions of fibrin of 2 grams each were warmed 
with 100 c. c. of 0*2 per cent. H01 for 30 minutes, then filtered and one washed with 
water alone, the other with water and alkali. The first gave 1*92'72 grams dried 
residue, the other 1*9155 grams. 
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A second series, tried under the same conditions, but with larger 
percentages of bile gave the following results: 


Bile in 

digestive mixture. 

Weight of 
undigested residue. 

Fibiin 

digested 

0 percent. 

0*19*79 gram. 

90 10 per cent. 

0*25 

0*2456 

87 72 

0*50 

0*1927 

90*36 

9*00 

1*1955 

40*22 

13*00 

1*6611 

16 94 

16*50 

1*7812 

10 94 

20*00 

1*9241 

3 29 

From these two series of experiments it 

is evident that the pres- 

ence of bile, from 1 per cent, upward, causes diminished proteolytic 
action, the retarding effect being proportionate to the amount of bile 

present. 20 per cent. 

of bile stops the 

action, under these con- 

ditions, almost completely. It is fair to presume, therefore, that the 
reflux of but a small amount of bile into the stomach would be pro* 

ductive of a diminished proteolytic action. 


These results, therefore, agree with the older statements of Brticke, 

Hammarsten and others 

, to the effect that bile added to a gastric 

digestion has the effect of bringing the proteolytic action to a stand¬ 
still. We next tried the influence of the individual bile acids with 

the following results: 



Taurocholic 

Weight of 

Fibrm 

acid. 

undigested residue. 

digested. 

0 per cent. 

0*1311 gram. 

86*89 per cent 

0*026 

0*1461 

85*39 

0*050 

0*2200 

78 00 

0*100 

0*2421 

. 75 79 

0*200 

0*2668 

73 32 

0*500 

0*3579 

64*21 


Here it is seen that the smallest percentage of taurocholic acid 
added, produces a distinct effect on proteolytic action, and in the 
next series of experiments still smaller percentages of aoid cause 
an equally marked effect. In both series of experiments, the mix¬ 
tures were warmed at 40° C. for 1 hour and 30 minutes. 

Taurocholic Weight of Fibrin 

acid. undigested residue. digested. 

0 percent. 0*1499 gram. 83*01 percent 

0*010 0*1819 81*81 

0*015 0*1900 81*00 

0*020 0*294*1 70*53 

0*050 0*3110 68*90 

Adding taurocholic acid to the digestive mixture in the form 
of a sodium salt has the effect of diminishing still further the action 
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of the ferment; doubtless, due in part to the percentage of free 
hydrochloric acid being diminished by decomposition of the tauro- 
cholate. 


Taurochollc 

acid. 

Weight of 
undigested residue. 

Fibrin 

digested. 

0 per cent 

0*2059 gram. 

79 41 percent. 

0*1 

0*6198 

38*02 

0-2 

0*6426 

35*74 

0*5 

0*6475 

35*25 


Maly and Emich found that 0*2 per cent, taurocholic acid entirely 
stopped the action of pepsin; in our experiments, however, ferment 
action was still manifest even in the presence of 0*5 per cent, of the 
acid. Whether this difference in result is due to difference in the 
acid used, or to difference in method, we cannot say. Glycocholic 
acid we found to be entirely without influence on the action of pepsin, 
as did also Maly and Emich. 


3 .—The Proteolytic Action of Trypsin in Neutral , Alkaline and 

Acid Solutions . 

The trypsin solution was prepared according to KtLhne’s method,* 
from dried pancreas freed from fat; the solution after neutralization 
always contained some sodium salicylate, sufficient to prevent putre¬ 
faction during short digestive periods. According to Ktlhne,f tryp¬ 
sin acts quite energetically, both in neutral and in salicylic acid solu¬ 
tions, but most energetically when the pancreatic solution contains 
0*3 per cent, sodium carbonate. According to Heidenhain,J the action 
of definite percentages of sodium carbonate varies with the amount of 
ferment. 


We have tried quantitative experiments as a preliminary to study¬ 
ing the influence of bile, with the following results ;§ the mixtures 
were warmed at 40° C. for 3 hours and 40 minutes, and contained 
2 per cent, of fibrin. 


Beactlon of 

Weight of 

Fibrin 

the fluid. undigested residue. 

digested. 

neutral 

0*2312 gram. 

76.88 percent. 

0*1 per cent. Ha a CO s 

0*1570 

84*30 

02 

0*0925 

90*75 

0*3 

0*0772 

92*28 

0*4 

0*0426 

95*74 

0*5 

0*1038 

89*62 

0*1 pr. ct. salicylic acid 

0*5651 

43*49 


* TJntersuchungen aus der physiolog. Inst. d. Universitat Heidelberg, vol. i, p. 222. 
f Ibid, p. 223. 

t Pfluger’s Arohiv, vol. x, p. 576. 

§ The pancreatic juice was prepared from 20 grams dry pancreas, and finally diluted 
to 1000 c. c. 50 c. c. were used in each digestion with 1 gram of pure fibrin. 
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With a larger percentage of fibrin and a longer period of diges¬ 
tion the results are somewhat different. The following were obtained 


with 4 per cent, of fibrin in 6 hours and 40 minutes at 40° O.: 

Reaction ot 

Weight of 

Fihrm 

the fluid undigested lesidue 

digested 

neutral 

0*3785 gram. 

62*15 per cent 

0'1 per cent. 

0*2581 

74*19 

0*2 

0*1395 

86*05 

0*3 

0*1688 

84*12 

0*4 

0*1629 

83*71 

0*5 

0*1318 

86*82 

0*1 pr. ct. salicylic acid 

0*4728 

52*72 

An average of the two series of results plainly shows that there is 

but little difference in digestive action in 

the presence of 0*2-0*5 per 

cent sodium carbonate, although in a given solution a change in the 

percentage of alkali is at 

once manifest, to a slight extent, in the 

amount of fibrin digested. 

Greatly increased percentages of alka- 

line carbonate materially diminish the action of the ferment, as the 

following series of experiments indicate; 

the mixtures were warmed 

for 2 hours at 40° C.: 



Reaction of 

Weight ot 

Fibrin 

the fluid. undigested residue. 

digested. 

neutral 

0*5863 gram. 

41*37 per cent 

0*5 per cent Ha 9 CO a 

0*1584 

84*16 

1*0 

0*3760 

62*40 

2*0 

0*7010 

29*90 

3*0 

0*7892 

2108 

4*0 

0*8373 

16*27 

6*0 

0*8608 

13*92 


The difference in action between a neutral trypsin solution and a 
solution containing salicylic acid is quite noticeable, at the same time 
it is evident that in the acid-reacting fluid the ferment simply acts 
more slowly, and if time be given, the action will approach more 
closely to that of the neutral solution. It is of course understood 
that the salicylic acid in the above experiments does not exist in a 
free state, but in combination with the proteid matter present, and 
doubtless in most of the experiments recorded, where trypsin has 
been exposed to the action of small fractions of a per cent, of acid, 
no free acid has been present, but only varying percentages of acid- 
proteids.* Ktihnef has pointed out that hydrochloric acid above 0*05 
per cent is injurious to the action of trjrpsin, and HeidenhainJ has 

* Bee DanUewsky. CentralbL me& Wiss., 1880. 
f Yerh. Naturhist med. Yereins zu Heidelberg, lS*7t, p. 193. 

Pfluger’s Archiv, vd. x, p. §78. 
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shown that the addition of 0* * * § 1 per cent, hydrochloric acid to an 
aqueous extract of the pancreas stops its action. C. A. Ewald* how¬ 
ever, found that while pepsin-hydrochloric acid destroyed trypsin, 
trypsin could digest fibrin in the presence of 0*3 per cent, hydrochlo¬ 
ric acid. Maysf likewise found that trypsin digestion could take 
place in the presence of 0*3 per cent, hydrochloric acid, but only 
when a relatively large proportion of fibrin was present, and in cor¬ 
roboration of Kiihue’s statement, he showed that trypsin could be 
destroyed both by pepsin and dilute hydrochloric acid. EngesserJ 
found that a pancreatic juice did not lose its tryptic power by two 
hours warming with a gastric juice containing 0*5 per cent, hydro¬ 
chloric acid. Langley,§ on the contrary, has shown that a glycerine 
extract of the pancreas loses a very appreciable amount of trypsin 
when warmed for two and a half hours with 0*05 per cent, hydrochloric 
acid. Lindberger,|| working with an alcohol precipitate from a glyc¬ 
erine extract of ox pancreas, in which there would naturally be 
present but a small amount of proteid matter in addition to the tryp¬ 
sin, found that in the presence of 0-1 per cent, hydrochloric acid the 
ferment was entirely without action, and even in the presence of 
0*012 per cent, hydrochloric acid, fibrin was much more slowly dis¬ 
solved than by a neutral trypsin solution. Lindberger, moreover, 
found that weaker acids, as acetic and lactic, had a much different 
effect than the stronger hydrochloric acid; thus with dilute acetic 
acid, digestion of the fibrin was almost as rapid as with a neutral 
solution of trypsin, while with small amounts of lactic acid, fer¬ 
ment action was even more energetic than in a neutral solution. 
There is, however, no guarantee that in these experiments free acid 
was present. T 

We have found that free acids, even when present in small per¬ 
centages, completely stop the proteolytic action of trypsin, and that 
when considerable albuminous matter is present, the action of tryp¬ 
sin is much hindered by the addition of acid to a neutral solution, 
even before the proteid matters present are saturated with acid. 0*1 
per cent, free salicylic acid, in the presence of proteids already satu- 


* Jahresberieht fur Thierchemie, 1880, p. 297. 

f Untersuchungen a, d. physiolog. Inst. d. Univ. Heidelberg, vol. iii, p. 378, 1880. 

| Jahresberieht fur Thierchemie, 1880, p. 297, 

§ Journal of Physiology, vol. iii, No. 3. 

|| Jahresberieht fur Thierchemie, 1883, p. 281. 

T We have seen only the abstract of Lindberger’s paper, so cannot speak positively 
on this point. 

Trass. Conn. Acad., Vol. VII. 19 Oot., 1885, 
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rated with the acid, allows no proteolytic action whatever. Further¬ 
more, a sufficient amount of proteid matter just saturated with 
hydrochloric acid, no free acid being present, will almost completely 
stop the action of trypsin. Proteid matter, however, only partially 
saturated with acid has a much smaller retarding action. This, 
doubtless, was the condition of the mixtures in Mays’ and Enges- 
ser’s experiments above referred to, for, as Mays states, the ferment 
could act in the presence of 0*3 per cent, hydrochloric acid only when 
a relatively large proportion of fibrin was present. 

A pancreatic juice prepared from 20 grams of dried pancreas by 
warming it at 40° C. with 200 c.c. 0*1 per cent, salicylic acid, etc., 
was finally made exactly neutral and diluted to 500 c.c.; 25 c.c. of 
this solution required 7*5 c.c. of a 2*0 per cent, solution of salicylic 
aeid to completely saturate the proteids present,* the excess of free 
acid necessary to give the tropseolin reaction being deducted. 

Three digestive mixtures were made as follows : 

1. 25 c.c. of the neutral pancreatic solution+50 c.c. water. 

2. 25 c.c. of the same pancreatic solution+ 7*5 c.c. 2*0 percent, 
salicylic acid solution +17*5 c.c. water. The mixture was acid to 
test papers, but gave no reaction with tropseolin 00. It therefore 
contained no free acid, but 0*3 per cent, of combined acid. 

3. The same as No. 2, but 2*5 c.c. more of 2*0 per cent, salicylic 
acid, so that the solution contained, in addition to the acid proteids, 
0*1 per cent, free salicylic acid. 

One gram of fibrin was added to each of these and the mixtures 
warmed at 40° C. for 8 hours and 40 minutes. No. 1 digested 88*34 
per cent, of the fibrin, No. 2, 13*44 per cent., while No. 3 had no 
action whatever. 

Much smaller percentages of combined salicylic acid cause an 
equally diminished proteolytic action; thus, in the case of a carefully 
dialyzed juice where the proteid matter was much diminished, the 
digestive mixture, with its proteids wholly saturated, contained but 
0-060 per cent of combined salicylic acid; yet this mixture, in 15 
hours at 40° C. digested but 17*10 per cent, of fibrin, while the same 
amount of the neutral trypsin solution digested 57*80 per cent. 


* Tested by tropasolin 00 according to the method of Danilewsky (Centralb! med. 
Wiss., 1880). One drop of a solution containing 0*028 per cent, free salicylic acid 
gives a reddish-violet color, which is, however, not permanent as in the case of hydro¬ 
chloric acid, but transient. With hydrochloric acid, one drop of a 0*003 per cent, 
solution will give the reaction. 
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Combined hydrochloric acid has a greater hindering action than 
salicylic acid, as the following results show: 

Fibrin digested 

Pancreatic solution of tiypsm. in 18 hours, 

neutral 51*80 per cent. 

0*034 per cent, combined HOI+no free HOI 3 90 

0*034 “ “ HOi + 0 005 per cent free HOI 2 31 

0*034 «• “ H01+ 0010 “ « 087 

It is thus evident that in an ordinary digestive mixture, or even 
where albuminous matter is present only in limited quantity, the 
addition of hydrochloric or salicylic acid to a neutral solution of 
trypsin reduces its proteolytic action to a minimum before any free 
acid is present. 

4. —Influence of Pile , Bile Salts and Bile Acids on the Proteolytic 
Action of Trypsin. 

The addition of bile to a neutral pancreatic juice causes hut little 
change in its proteolytic action, as is seen from the following results 
obtained with ox bile containing 8*3 per cent, solid matter: 

Weight of Fibrin 

Bile. undigested residue. digested. 

0 per cent 0*4118 gram. 59*82 per cent. 

1*0 0*3907 60*93 

10 0 0*3938 60*62 

A slightly increased action is the only effect produced on the 
trypsin.* The addition of bile to an alkaline pancreatic juice does 
not produce any very different results. The following were obtained 
with a pancreatic juice containing 0*3 per cent, sodium carbonate and 
fresh ox bile containing 10*02 per cent, solid matter: 


Bile. 

. Weight of 

undigested residue. 

Fibnn 

digested 

0 per cent. 

0*3056 gram. 

69*44 per cent. 

0*25 

0*3074 

69*26 

0*50 

0*3488 

65*12 

1*00 

0*3633 

63*67 

5*00 

0*3218 

67*22 

10*00 

0*3603 

63*97 


Here there is no increased proteolytic action, neither is there any 
very great retarding effect produced. Pure sodium glycocholate 
and taurocholate produce results similar to bile, as the following 
table shows. The pancreatic juice contained 0*3 per cent sodium 
carbonate: 


* Compare Heidenbain, Pfluger’s Archiv., vol. x, p. 579, 
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Sodium 

Weight of 

Fibi m 

taurocholate. 

undigested refeidue 

digested. 

0 per cent. 

0*2308 giam. 

76 92 pc*r ceut. 

0*05 

0*2566 

74*34 

0*10 

0*3048 

69*52 

1*00 

0*2832 

71*68 

sodium glycocholate. 
0*10 

0*2576 

74*24 

0*20 

0*3154 

68*46 


The presence of 3*0 per cent, crystallized ox bile caused a some¬ 
what different result, increasing the proteolytic action slightly; thus, 
while the control, containing 0*3 per cent, sodium carbonate, digested 
88*69 per cent, of fibrin, the same trypsin solution pins 3 per cent, 
of crystallized bile digested in the same time 89*73 per cent, of fibrin. 

While bile or bile salts have but little influence on the proteolytic 
action of trypsin, the bile acids, even small percentages, have a much 
more marked effect. The following results, obtained by the addition 
of the bile acids to a neutral pancreatic juice, show the extent of the 


action : 

Bile acids. 

0 

G-lycocholic, 0*03 per cent. 
Taurocliolic, 0*10 
0*20 
0*50 


Weight of 
undigested residue. 

0*2516 gram. 

0*1993 

0*34:55 

0*4332 

0*4170 


Fibnn 

digested. 


14*84 per cent. 


80*07 

66*45 

56*68 

58*30 


Here the retarding influence of taurocholic acid is very manifest, 
while, on the other hand, the small percentage of glyeocholic acid 
appears to increase the action of the ferment. 

In view of the possible acid-reacting character of the contents of 
the small intestines, it becomes an interesting point to ascertain the 
influence of bile on the action of trypsin in. the presence of more 
or less combined acid. With a pancreatic juice in which the proteids 
were partially saturated with salicylic acid, 0*1 per cent, combined 
acid being present, the following results were obtained : 


Bile. 

0 per cent 
1*0 
10*0 


Weight of 
undigebted residue 

0*4822 gram. 

0*4858 

0-4091 


Fibrin 

digested. 


31*78 percent 


51*42 

59*09 


This increased action in the presence of 10 per cent, of bile accords 
with Lindberger’s results, this experimenter having found that bile 
in the presence of small percentages of (combined?) acetic and lactic 
acids tends to diminish the retarding effect produced by the acids 
alone. 

In the presence of combined hydrochloric acid, the bile salts pro¬ 
duced no effects whatever; the trypsin was entirely without action. 



X.— Absorption op Arsenic by the Brain. By R. H. Chitten¬ 
den and Herbert E. Smith, M.D. 

• 

Some time since one of us* advanced the view that the amount of 
arsenic present in the brain, in cases of arsenical poisoning, is an in¬ 
dex to the form in which the poison was taken, viz: whether in a 
readily soluble and diffusible form, such as sodium arsenite, or in a 
comparatively insoluble form, as arsenious oxide or aceto-arsenite of 
copper. The original experiments of Scolosuboff f on animals, with 
sodium arsenite, plainly showed the capability of nerve tissue for the 
absorption of arsenic; yet the recorded observations of toxicologists 
tend to show, as a rule, the presence of but traces of this metal in 
cases of arsenic poisoning, either acute or chronic. Scolosuboff 5 s re¬ 
sults are, however, undoubtedly correct; arsenic when taken in a very 
soluble and diffusible form without doubt does accumulate in the 
brain, but in our opinion only when in that condition , and thus in 
the more common forms of poisoning with the white oxide or other 
insoluble forms of arsenic, but a trace of the poison is to be found in 
the brain at any one time. 

With a firm belief in the truth of the above statement, founded on 
personal experience and the recorded results of other workers in this 
field, it was maintained by one of us in a previous paperj that the 
presence of weighable amounts of absorbed arsenic in the brain may 
be taken as an indication of the administration of a soluble form of 
the poison. Experiments on animals tend to Bhow the correctness of 
the theory and the results of toxical investigations, so far as our 
knowledge extends, contain nothing contrary to this view. If true, 
we ought never to find under any circumstances an accumulation of 
arsenic in the brain, after the administration of an insoluble form of 
the poison. Hence, the study of arsenic cases, where the form of 
poison is known, is of great importance in this connection. 

We have had a recent opportunity of adding two*more cases to 

* Chittenden, Amer. Chem. Jour., vol. v, p. 8; and Medico-Legal Journal, vol ii, 
p. 237. 

f Bulletin de la Societe Chimique de Paris, vol, xxiv, p. 125, 

% Chittenden, loc, tit 
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the list of those which bear testimony to the truth of the above 
theory; two fatal cases of arsenic poisoning, one of which was caused 
by the white oxide, the other presum ably by Paris green or aceto- 
arsenite of copper. 

Case A .—L. K., a middle-aged laboring man, ate for his dinner at 
noon a quantity of bean soup. Almost immediately after, he was 
seized with vomiting and purging, cramps in the legs, and all the 
ordinary symptoms of acute arsenic poisoning. There were no 
marked cerebral symptoms. At 9 p. m. of the same day the patient 
died in a condition of collapse, having thus lived nine hours after 
eating the poisoned soup. An autopsy made the following day by 
Dr. M. C. White of the Yale Medical School, to whose courtesy we 
are indebted for a description of the case, and also for the organs for 
analysis, revealed the following points of interest: “The mucous 
membrane of the stomach was very much inflamed, especially around 
the cardiac orifice. The duodenum was likewise much inflamed, also 
the lower part of the rectum, showing here as a red mottled conges¬ 
tion. The remaining portions of the intestines were normal. The 
brain showed marked congestion. The kidneys were normal in ap¬ 
pearance, the urinary bladder was nearly empty, and the mucous 
lining somewhat reddened. The lungs were normal, except the 
lower half of the right one, which was a little congested. The heart 
normal; small fibrinous clot in the right ventricle.” In order to 
draw deductions of any value from the distribution of arsenic in 
the body of the deceased we must know positively as to the form in 
which the poison was taken. Fortunately, we were able to obtain 
the residue of the soup eaten by the deceased. Microscopic examina¬ 
tion of the sediment plainly showed octahedral crystals of arseu- 
ious oxide, and we were able to separate from a small portion of 
the solid lesidue 24 milligrams of the oxide. Plainly the soup was 
poisoned by simply mixing with it arsenious oxide in substance. 
As to the quantity of arsenic present in the soup we ha\ e the follow¬ 
ing data: 125 c, c., oxidized with hydrochloric acid and potassium 
chlorate, yielded 314*6 milligrams of arseinoub sulphide, equal to 
253*2 milligrams of arsenious oxide. As to the amount taken by the 
deceased we have no knowledge; we infer, however, since the soup 
constituted the main portion of his dinner, that a large quantity was 
eaten, which view we think is substantiated by the intensity of the 
vomitiug and purging so characteristic of large doses of the poison. 

Here then, we have an unquestionable case of poisoning with 
arsenious oxide, and under conditions most suitable for rapid absorp- 
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tion; a probable empty condition of the stomach, together with a 
large amount of the poison, a considerable portion of which must 
probably have been dissolved in the soup. Added to this, nine hours 
intervened between the taking of the poison and death. Certainly 
then everything favored an absorption of poison by the brain, if 
such is characteristic of this form of arsenic. Naturally the vomit¬ 
ing and purging would remove much of the poison, still the relative 
proportion of absorbed arsenic would not be materially altered, and 
thus if Scolosuboff’s results with soluble arsenites are applicable to 
arsenious oxide, we ought to find in this case, in conformity with his 
results, a larger percentage of arsenic in the brain than in the liver 
or kidneys. 

Following are the results actually found:* 

Liver (1259 grams) contained 76*0 milligrams As 2 0 3 . 

Kidney and bladder (332 grams) contained 0*6 milligram Asj0 3 . 

Brain (|=328 grains dry) contained simply a recognizable trace. 

Case B. —J. G., a young woman, age unknown. Regarding the 
details of this case we have less definite knowledge. She was last 
seen alive on Friday night, at which time she threatened to poison 
herself. The following Monday morning she was found dead, and 
near her an open package of Paris Green . She had evidently been 
dead some time, and both the condition of her room and person gave 
evidence of excessive purging and vomiting. An autopsy by Dr. 
White showed an entire absence of inflammation of the alimentary 
tract, and also a lack of any abnormal condition sufficient to account 
for death. The verdict was therefore, death by poisoning with Paris 
green or aceto-arsenite of copper. 

Through the kindness of Dr. White we were able to obtain por¬ 
tions of the body for analysis. The contents of the stomach were 
entirely free from arsenic, the poison having been wholly removed 
by the purging and vomiting; the trace found therefore, was the 
amount absorbed by the muscle tissue of the stomach. Following 
are the amounts of arsenic found in the parts analyzed: 

Liver (2984 grams) contained 12*78 milligrams As a 0 3 . 

Kidneys and bladder (515 grams) contained 3*40 milligrams As 2 0 3 * 

Muscle of thigh (735 grams) contained 0*97 milligram As a 0 3 . 

Stomach (425 grams) contained a trace. 

Brain (1179 grams) contained a trace. 


* The method of analysis consisted in the oxidation of the tissue with nitric and 
sulphuric acids, the arsenic being weighed as metallic arsenic. See Amer. Chem. 
Journal, vol ii, p. 235, 
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The trace of arsenic in both the muscle tissue of the stomach and 
in the brain was very small; the entire brain could not have con¬ 
tained more than 0*2 of a milligram of arsenic. 

These results plainly substantiate the views set iorih above and 
lend favor to the belief that Scolosuboff’s results with sodium arsen- 
ite are applicable only to that form of poison and not to the more 
insoluble compounds of arsenic. These two cases, therefore, are 
additional evidence that in poisoning with arsenic the presence of an 
appreciable amount of poison in the brain, is an indication amount¬ 
ing almost to proof positive of the administration of a soluble and 
diffusible form of arsenic 



XT. —Influence of Potassium and Ammonium Bromides on 
Metabolism. By R. H. Chittenden and W. L. Culbert, 
Ph.B. 

As a question in the physiology of nutrition, it is very desirable to 
he able to state something definite regarding the influence of bro¬ 
mides upon the metabolism of the body; particularly their influence 
upon the metabolism of proteid matter, as shown in the excretion 
of urea and uric acid, and in view of their special application as 
therapeutic agents in diseases of the nervous system, their influence 
also on the decomposition of nerve substance, as shown in the excre¬ 
tion of phosphoric acid. Two complete investigations appear to 
have been made upon this subject; one in 1808 by Dr. J. H. Bill,* 
and one in 1883, by Dr. B. Schulze,f the results of which are more or 
less in direct opposition to each other. We have also seen a refer¬ 
ence to two other investigations, quoted by Dr. Wood,J in which 
Dr. Rabuteau found the daily excretion of urea slightly lessened 
under the influence of bromide, as did also Dr. Bartbolow. 

Dr. Bill’s investigation, which was a very thorough one, had for 
one of its objects to ascertain whether bromides reduce the amount 
of phosphoric acid excreted, like such known hypnotics as morphine; 
at the same time careful examination was made of the variations in 
urea and uric acid under the different conditions of the experiments. 
The experiments were all conducted on one person with a body 
weight of 160 pounds, which remained fairly constant throughout. 
The experiments were made in series under known conditions with 
uniformity of habits, diet, etc. Unfortunately, however, no data are 
given regarding the nature of the diet, the closeness with which it 
was adhered to, or whether the body was kept in a state of nitro¬ 
genous equilibrium. Each series of experiments, moreover, covers at 
the most, but six days; three days without bromide and three days 
with, consequently slight variations might easily be absorbed in an 
average of three results. The urea in Dr. Bill’s work was deter- 

* Ainer. Jour. rated. Sciences, July, 1868. Experimental Besearches into the action 
and Therapeutic yalue of Bromide of Potassium. 

f Zeitscbrift-fur Biologie, vol. six, p. 301* Binfluss des Bromkalium auf den Stoff- 
wechseL 

$ Therapeutics, p. 33?. 
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mined with a a mercury solution,” phosphoric acid with uranium 
solution and uric acid by precipitation and weighing as such. The 
results obtained were as follows: With moderate doses of potassium 
bromide (3*0-8*0 giarns per day) urea was not affected, phosphoric 
acid was slightly increased, uric acid likewise, though much more 
decidedly; with larger doses of bromide (10*0-14*0 grams per 
day, continued for 2-3 days) phosphoric acid was diminished in 
amount, but this Dr. Bill intimates could not be attributed to regular 
hypnotic action, since the other urinary constituents were likewise 
diminished, notably the urea. Both large and small doses of bro¬ 
mide incieased the quantity of urine passed in the twenty-four hours. 
This Dr. Bill asserts was not due to the increased drinking of water, 
for no thirst, not even with the largest doses, was ever present. 

Dr. Schulze, experimenting on his own person, obtained results 
quite different from these. This investigator lived on a fixed diet of 
the following composition: 

220 grams fresh meat =tf*l3 gram*. N. 

50 grams air-dried wheat biead=0 92 grams N* 

30 grams cocoa powder =L 14 grams N. 

30 grams butter. 

30 grams sugar. 

5 grams salt. 

1500 grams water. 


9-19 grams N". 


The average amount of nitrogen excreted daily was about 11 giaras. 

Taking this amount of food daily, with uniform habits of sleep, 
exercise, etc., Dr. Schulze states that he soon reached a point where 
the daily excretion of nitrogen, sulphur and phosphorus remained 
fairly constant. Potassium bromide was then taken three days, in 
divided doses of 10 grams each day. Diuretic action was very 
noticeable. Phosphorus was diminished, sulphur very much in¬ 
creased, and nitrogen (on two days) apparently slightly increased 
under the influence of the bromide. As, however, the increased 
excretion of sulphur was not accompanied with a corresponding 
increase in the excretion of nitrogen, Schultze considers that the 
increase in sulphur cannot be due to increased metabolism of sim¬ 
ple albuminous matter, and seeks to show that the potassium bro¬ 
mide must have decomposed, to a slight extent, some nitrogenous 
phosphorized principle or principles, such as lecithin (glycerine-phos¬ 
phoric acid) and nuclein, so abundant in the brain and nerve sub¬ 
stance in general. Schulze therefore concludes that under the influ* 
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ence of potassium bromide there is probably a decided diminution of 
metabolic activity in the nervous system, accompanied by decreased 
nervous irritability. 

By determining the nitrogen of the faeces, Schulze concluded that 
the bromide exercised no particular influence on the digestibility of 
the food. 

In our experiments great care was taken first, to insure body equi¬ 
librium and then to obtain sufficient data by analysis, to be sure of 
the requisite constancy in the composition of the daily excretions. 
The experiments were tried throughout on the person of one of us 
(W. L. 0.), of good physique and vigorous constitution. The diet 
was weighed out each day with scrupulous care and was as follows: 


Fresh meat [beef] 

Potatoes .. 

Wheat bread .... 

Oat meal. 

Butter. 

Sugar. 

Salt. 

Milk. 

Water. 


142-0 grams. 

ip 

c“i 

CO 

CM 

u 

256-0 

u 

50-0 

it 

56*7 

u 

28*3 

u 

0*7 

It 

700-0 

ft 

345-5 

ft 


This diet was commenced on the third day of April and continued 
for nine days before any attempt was made to ascertain the daily 
amounts of urea, etc., excreted. Then the urine was analyzed .for 
nine successive days, after which doses of potassium bromide were 
taken. The above daily amount of food was divided into three por¬ 
tions and taken at the same time each day; at 7:30 a. m., 1 p. m., 
and 6 p. m. Exercise was taken regularly and in stated amounts; 
consisting of a walk each morning before breakfast and exercise 
with dumbbells just before retiring at 11 p. m. Care was taken not 
to exercise so freely as to induce perspiration. Throughout the day 
routine duties allowed of regular habits. It was thus found possi¬ 
ble to keep even the minor conditions of the experiment constant 
throughout. The urine was collected from 7:30 a. m. of one day to 
7:30 a. m. of the next, and was at once analyzed. Urea was deter¬ 
mined by Pfltiger’s* modification of Liebig’s method, with a standard 
solution of mercuric nitrate. All the precautions so carefully worked 
out by Pfltlger; preparation of a mercuric nitrate solution of the 
proper specific gravity, a standard solution of sodium carbonate to 
neutralize the acid of the former, preliminary determination of 


* Pfluger’s Archiv, vol. xxi, p. 248. 
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chlorine and removal of the same, before precipitating the urea; 
were carried out with very satisfactory results. Uric acid was 
determined according to the older method of lleintz* with the modi¬ 
fication of Zablins, and being conducted each time under ovaotly 
the same conditions and with a urine of approximately the same 
composition, the results are to be considered as strictly comparable. 
Chlorine and bromine were determined in the usual maimer with a 
standard solution of silver nitrate; the results, however, are not 
given as they are of value only as essential to the urea determinations. 
Total phosphoric acid was determined by means of a standard solu¬ 
tion of uranium nitrate.f Phosphoric acid in combination with alkali- 
earths was determined by precipitation with ammonium hydroxide, 
allowing the mixture to stand 24 hours, filtering the precipitated 
phosphates, washing thoroughly with diluted ammonia, then dissolv¬ 
ing in a definite amount of dilute acetic acid and titrating with 
uranium solution. Total amount of solid matter contained in the 24 
hours’ urine, was calculated by the use of Christison’s formula. 

The diet specified, was commenced on the 3d day of April; on the 
12th the urine was collected for analysis, the body weight taken and 
the investigation then carried forward without interruption. Table 
No. I. gives the results of the analysis of the urine for nine con¬ 
secutive days, and shows the average amount of variation to be 
expected under the conditions of the experiment. 

On the 21st of April, 60 grains of potassium bromide were taken 
in divided doses as seen in Table No. II. The bromide was taken 
about midway between the hours of eating, so that it might not affect 
digestion. On the 22d the dose was increased to 100 grains and then 
to 150, the latter amount beiug takcm daily for three consecutive 
days. Table No. II. shows the effects of the bromide on the system, 
for the six days it was taken. 

On the first day, the only apparent influence of the bromide is to 
cause a diminution in the amount ol phosphoric acid excreted; seeu 
both in the total P 9 0 5 and in the P 9 O ft in combination with alkali- 
earths. On the second day, the diuretic action of the salt is apparent, 
accompanied with an increase in specific gravity, and a decided 
increase in the amount of urea excreted, together with a slight in¬ 
crease in the amount of uric acid. Phosphoric acid was still dimin¬ 
ished in amount. On the third day, the body weight commenced to 
diminish and continued to do so throughout the experiment; diuretic 

* Die Lehre vom Harn, Salkowski trod Leube, p. 94*-95. 

f Die Dekre vom Ham, p. 184. 
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action was still apparent as was also increased elimination of urea, 
and to a slight extent of uric acid likewise. Indeed, the most notice¬ 
able effect of the bromide, next to its diuretic action is its decided 
influence on proteid metabolism as shown by the increased elimina¬ 
tion of urea. As to phosphoric acid the results are not so striking, 
although an average of the two series shows a diminished excretion, 
both of total P 2 O a and of P a 0 5 in combination with alkali-earths. The 
average difference in the two series of results is clearly shown by 
the following table: 


A\crage of Table 

No. 1, w ithout KBr. No. II, with KBr. 


Total quantity of urine... 926 c. c. 1010 c. c. 

Sp. Gr. 1025, 8 1026,3 

Total solid matters. 56*1329 grams. 63*0252 grams. 


Total P a 0 6 .. 2-15.10 2*5426 

PaOfl in combination with Ca and Mg, 0-G022 0*5452 

Uric acid. 0*6152 0*6858 

Urea. 34-8681 35*9454 


Our results therefore plainly indicate, that under the influence of 
potassium bromide, nitrogenous metabolism is increased while the 
excretion of phosphoric acid is slightly diminished in amount; not 
however, to any such extent as would be expected by an active 
hypnotic agent. The bromide taken, the largest doses about 10 
grams per day, produced its usual physiological effects; such as drow¬ 
siness, diminution of the circulation with accompanying coldness and 
paleness of tho skin. Constipation was not noticed while taking the 
bromide, but later on it became somewhat troublesome, once or twice 
alternating with a slight diarrhoea. In accord with Dr. Bill, we no¬ 
ticed an increase in the acidity of the urine while taking the bromide, 
as also a deepening of the color.. 

With bromide of potassium therefore, our results agree with those 
of Dr. Schulze in showing an increased excretion of nitrogen (urea 
and uric acid), although far more pronounced than he found in his 
experiments, while the diminution in phosphorus is less pronounced 
than found by Schulze. 

With Dr. Bill’s experiments our results agree in so far as the 
diminution of phosphoric acid is concerned, but are entirely different 
as regards the urea. Since, however, Dr. Bill retained uniformity in 
diet only during the days of the experiments, it is quite possible 
that lack of nitrogenous equilibrium may have had some influence on 
his results. The increased elimination of urea noticed in our experi¬ 
ments is certainly indicative of increased metabolic activity; it is. 
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however, suggestive that potassium bromide lias been recently found 
to exercise a very decided accelerating influence on the proteolytic 
action of both pepsin-hydrochloric acid* and trypsin ;f while, there¬ 
fore, this fact may have something to do with the increased elim¬ 
ination of nitrogeu, particularly as the diet used is quite rich in pro- 
teid matter, it seems more probable to suppose that the above 
changes in the excretion of nitrogen are due rather to changes in the 
tissue proteids; still it would have been interesting if the nitrogen 
in the faeces had been determined each day. 

Although the last dose of potassium bromide was taken on the 26th 
of April, the same diet was still continued and the urine cm efully 
examined daily, until the 8th of May, at which time the amount of 
bromine in the urine was reduced to a minimum. Dr. Bill states that 
bromine usually disappears entirely from the urine in ten days after 
the last dose of bromide. 

The results of the twelve days analyses are shown in Table No. 
III. In examining this table it is interesting to note how quickly 
the elimination of urea is changed on stopping the doses of bromide. 
On the 26th, the last day the bromide was taken, the excretion of 
urea amounted to 3*7-5 grams; on the 27th it fell to 31*8 grams, far 
below what it had been any time before the bromide was taken. It 
would thus appear that after withdrawal of the bromide, nutrition 
which had been accelerated, rebounded in proportion to the preceding 
acceleration. Uric acid, moreover, which had likewise been increased 
in amount by the bromide, was now also correspondingly diminished. 
Furthermore, the diuretic action of the bromide was at once stopped, 
and the specific gravity fell to 125*5. In the case of phosphoric acid, 
however, the action of the bromide appears to be continued for a 
day or two after its withdrawal, and indeed it is noticeable through¬ 
out, that the diminution in phosphoric acid excreted, is not at all 
proportional to the amount of bromide taken. In fact phosphoric 
acid, both total P a 0 6 and alkali-earth P a 0 6 , appears to be more deci¬ 
dedly diminished on those days when the amount of bromide in the 
blood was the smallest, notably on the 21st, 24tli and 27th of April. 
By the 3d day after withdrawal of the bromide, the excretion of 
urea had gone nearly back to the daily amount, prior to taking the 
bromide; still it is to be seen in Table No. Ill, that the average ex¬ 
cretion of urea, uric acid and phosphoric acid is below the average 
excretion recorded in Table No. I. In fact after the continued doses 

* Chittenden and Allen. Trans. Conn. Acad., vol. yii T 

f Chittenden and Cummins. Ibid. 
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of potassium bromide, the metabolism of the body did not fall back 
to its original height; but being temporarily accelerated during the 
exhibition of potassium bromide, it [the nitrogenous metabolism] 
fell back on withdrawal of the same, to a far lower level, and al¬ 
though later somewhat increased in amount, its average was still 
lower than recorded in Table No. I. Nutrition had evidently been 
disturbed; the body weight showed gradual diminution, and on the 
4th and 6th of May there was slight diarrhoea accompanied with 
a decided decrease in the amount of urea and uric acid excreted. 

Dr. Bill appears to have experimented somewhat with sodium bro¬ 
mide, although we find no results recorded, aside from the fact that 
this salt, like potassium bromide, caused an increased excretion of 
uric acid, and the general statement that “when taken by the 
mouth, bromide of sodium does not produce the same effects as bro¬ 
mide of potassium.” In view of the increased excretion of urea, 
noticed under the influence of the potassium salt, we were interested 
in seeing whether ammonium bromide would have a like influence, 
especially in view of the fact that v. Schrceder* has shown that ammo¬ 
nium carbonate is directly convertible into urea by passage through 
the liver. 

The physiological action of ammonium bromide is stated to re¬ 
semble in many points that of potassium bromide, while in other 
points it differs essentially.f As to its influence on metabolism no 
experiments whatever appear to have been made. 

On the 9th of May, 75 grains of ammonium bromide were taken, 
in divided doses, as shown in Table No. IY. In all, 425 grains of the 
salt were taken in four consecutive days. The action of the salt on 
the system was not as pleasant as that of potassium bromide; caus¬ 
ing a general weakness and indisposition, a slight diminution in the 
pulse, an occasional cold perspiration, more marked lividity of the 
countenance and a parched, dry taste in the mouth. An habitual 
eruption of the skin was moreover much increased and accompanied 
with acne on the back and shoulders. Undoubtedly these disagree¬ 
able symptoms were much augmented by the temporary lassitude 
which was beginning to be apparent; doubtless due to the approach 
of warm weather together with lack of the accustomed vigorous 
exercise and the long continued use of the somewhat monotonous 
diet. 

* Archiv f. exp. Pathol., vol. xv, p. 364. Also Report on Progress in Physiological 
Chemistry in Amer. Chem. Jour., vol. v, p. 219. 

f Wood, Therapeutics, p. 341. 
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70400 835 Acid. 1025*5 50*8760 2*1505 0*4081 0*7156 31*2645 
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However tMs may be, the use of ammonium bromide in our 
experiments gave rise to more unpleasant symptoms than the use of 
like amounts of the corresponding potassium salt. Like the potas¬ 
sium salt, ammonium bromide caused increased acidity in the urine 
and a brighter color. As to its influence on metabolism, a study 
of Table No. IV, and comparison with No. Ill, plainly shows a 
decided accelerating influence on the excretion of urea; the average 
of the results, moreover, shows a very slight diminution in the excre¬ 
tion of total phosphoric acid, at the same time it would appear, in 
accord with what was observed with potassium bromide, that the 
diminution was greatest with the smallest amounts of bromide, as on 
May 9th and 10th and on the 13th and 14th after withdrawal of the 
bromide. With the largest amount of ammonium bromide, on the 
other hand, phosphoric acid appeared to be increased in amount, 
thus according with what Dr. Bill observed with like quantities of 
potassium bromide. 

The average difference in the two series of results is shown by the 
following table: 


Average of 

Table No. Ill No. IV 

without (NH 4 )Br. With (NH 4 )Br, 


Total quantity of urine. 915 c. c, 1072 c. c, 

Sp. Gr.. 1024,8 1024,4 

Total solid matters. 54*3970 grams. 62*3608 grams. 


Total P 2 0*. 2*5643 2*5130 

PaO* in combination with Ca and Mg. 0*4972 0*5749 

Uric acid. 0*6599 0*6751 

Urea. 32*8579 34*6505 


It is thus seen that diuretic action is even greater with the ammo¬ 
nium salt than with potassium bromide; likewise the excretion of 
both urea and uric acid is greater under the influence of ammonium 
bromide than in the c$se of the potassium salt; as to phosphoric acid 
the table of averages shows practically nothing, but as before ob¬ 
served a study of the individual results does indicate some action of 
the salt, although diminution in the excretion of phosphoric acid 
under the influence of ammonium bromide cannot be so surely claimed 
as with the potassium salt. 

After withdrawal of the ammonium bromide, the urine was exam¬ 
ined for two days more; the results showing the same, or even greater 
drop in the excretion of urea, observed under like conditions with the 
potassium salt (Table No. V.). Hence, so far as our experiments ex¬ 
tend, tbe influence of the two salts on the metabolism of the body is 
very much alike, differing only in extent of action; the ammonium 
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salt, as might be expected, causing the largest excretion of urea, not, 
howe\ er, necessarily from any greater influence on proteid metabolism, 
but merely as furnishing a certain amount of ammonia to be excreted 
as urea. Finally, our results, with both salts, fail to show that dimi¬ 
nution in the excretion of phosphoric acid to be expected from active 
hypnotic agents, and in this respect, therefore, our results show noth¬ 
ing antagonistic to Dr. Bill’s conclusion “ that bromide of potassium 
in its legitimate action, is an anaesthetic to the nerves of the mucous 
membranes and a depressor of their action. Its hypnotic effects are 
secondary.” 



XII. —Influence op Cinchonidine Sulphate on Metabolism. 

By R. BL Chittenden and Heney H. Whitehousb, Ph.B. 

"While much attention has been paid to the physiological study of 
the cinchona alkaloids; quinine particularly having been experimented 
with by several observers, to ascertain its influence on the metabol¬ 
ism of the body; we have not been able to find any recorded state¬ 
ments bearing on the action of the closely related alkaloid, cinchoni- 
dine. In physiological action, quinine is taken as a type of the 
group; cinchonine is stated* to be similar to quinine but less power¬ 
ful, and that its history in the organism is parallel with that of qui¬ 
nine ; cinchonidine is likewise stated to be weaker than quinine and 
in physiological action, apparently its equivalent when taken in doses 
one-third larger. Presumably, therefore, its action on the metabol¬ 
ism of the body is similar to that of quinine, although apparently no 
attempt has been made to determine this point. In view of the spe¬ 
cial action of quinine on nitrogenous metabolism, we have devoted 
our attention mainly to a study of the influence of cinchonidine on 
the excretion of urea, uric acid, phosphoric acid and chlorine. The 
experiments were conducted wholly on the person of one of us (H. 
H. W.) under uniform conditions of diet, exercise, etc. The diet, 
weighed out accurately each day, was composed of 

255 grams meat (beef). 

255 grams wheat bread 

149 grams potatoes. 

50 grams oat meal. 

35 grams butter, 

21 grams sugar. 

5 10 grams milk. 

350 grams water. 

This diet, divided into three definite portions each day, was taken 
for some time previous to the experiments, so that the system might 
become accustomed to it and the metabolism of the body brought to 
a constant point. The body weight was determined each morning; 
the urine collected from nine a. m. of one day to nine a. m. of the 
next, making the 24 hours 1 urine, the aualysis being made the same 


* H 0. Wood, Therapeutics, p. Si. 
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day. Urea was determined by Pfliiger’s * * * § modification of Liebig’s 
method, chlorine being removed by a standard solution of silver 
nitrate. Chlorine was determined by evaporating 10 c. c. of the 
urine with a weighed amount of potassium nitrate in a platinum cru¬ 
cible, igniting until the organic matter was completely removed, dis¬ 
solving in water, acidifying with nitric acid, neutralizing with cal¬ 
cium carbonate and then titrating with silver nitrate solution. Uric 
acid was determined by Hemtz’s method as modified by Zablinsf and 
phosphoric acid with a standard solution of uranium nitrate.J The 
amount of solid matter was calculated by the use of Christison’s 
formula. 

After taking the above diet for some time, the urine was analyzed 
for seven consecutive days prior to the exhibition of ciuchonidine. 
The results, seen in Table No. I, show a very close agreement in the 
daily excretions. 

On the 11th of May the first dose of ciuchonidine sulphate was 
taken. The alkaloid salt was a finely crystallized preparation ob¬ 
tained from Powers and Weightman. The daily dose was usually 
divided into three portions and taken in tiny gelatine capsules, about 
five hours apart. In view of the fact that cinchonidine is a weaker 
alkaloid than quinine, it was not deemed necessary to try the influ¬ 
ence of very small doses; on the first day, therefore, 15 grains of the 
salt were taken; on the second day 21-8 grains; on the third day 
35'1 grains; and on the fourth 50 grains, making a total of 121*9 
grains of cinchonidine sulphate in four consecutive days.§ The re¬ 
sults of the analyses of the four days’ urine, as well as those of the 
three following days, on which no cinchonidine was taken, are shown 
in Table No. II. 

Comparing these results with those in Table No. I, and in Table 
No. Ill, it is seen that ciuchonidine exercises a very decided influ¬ 
ence on the nitrogenous metabolism of the body. Urea is at once 
affected: its excretion on the first day even, is diminished 6 per cent., 
while on the second day it is diminished 10 per cent., and on the fourth 
day when the largest dose of ciuchonidine was taken, the excretion 
of urea was 16 per cent less than in the normal urine. The influence 

* Pfluger’s Archiv, vol. xxi, p. 248. 

f Die Lehre vom Harn, Salkowski and Leube, p. 94-95. 

i Die Lehre vom Harn, p. 184. 

§ While taking the larger doses of cinchonidine, an intense ringing in the ears was 
temporarily experienced (cincbonism) together with partial deafness and slight 
dizziness. On one or two occasions a slight nausea was felt. 
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Table II.— Showing the Effects of Cinchonidine. 
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69-704 6-708 3'674 0*705 40 407 45 8 



Table IV.—Showing average results. 
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of cinchonidine on the elimination of urea continues to be felt 
after discontinuing the use of the alkaloid; thus even three days 
after the last dose of cinchonidine, the elimination of urea is 6 
per cent, less than in the normal urine. On the fourth day it 
is nearly back to the normal amount [see Table No. III.], and on 
the fifth and sixth days the excretion of urea rises somewhat above 
the average. Uric acid does not appear to be correspondingly 
affected. It is only under the influence of the largest doses, or 
rather under the long continued action of the alkaloid that the ex¬ 
cretion of uric acid is diminished; thus on May 14th, when the final 
dose of 50 grains of cinchonidine sulphate was taken, the excretion 
of uric acid was for the first time diminished; its diminution, how¬ 
ever, was very perceptible and it continued for the two succeeding 
days, after withdrawal of the alkaloid salt. Phosphoric acid was 
greatly diminished in amount under the influence of cinchonidine; 
the diminution commencing to show, as in the case of urea, with the 
first dose of the alkaloid salt, then gradually increasing in amount 
with increase in the dose of cinchonidine until maximum diminution 
was reached on the day after the final dose of the alkaloid. The 
alkaloid salt, moreover, appears to have had a slight diuretic action. 

On the 21st of May, cinchonidine sulphate was again taken, the 
results of the analyses of the 19th and 20th showing that the urine 
had returned to its normal composition. Accordingly, 95*8 grains of 
the salt were taken on the 21st and 22d, producing the same results 
(Table No. III.) as noticed in the first series, viz: diminution in the 
amount of urea and uric acid excreted, a like diminution iu the amount 
of phosphoric acid and an increase in the total amount of fluid. 

Table No. IV. shows the average results under the different condi¬ 
tions of the experiments. 

It is evident then, that cinchonidine has the power of lessening very 
materially the elimination of nitrogen, i. e. the consumption of tissue. 

Ranke* first pointed out the retarding influence of quinine on the 
elimination of uric acid. Zuntz found by experiment upon himself 
that 25 grains of quinine reduced his elimination of urea nearly 40 
per cent. A like diminution in the excretion of urea, under the in¬ 
fluence of quinine, was noticed by Rabuteau in experiments upon 
dogs and also by Hermann von Boeckf The most interesting ex¬ 
periments, however, with quinine are those carried out by Dr. G. 

* Quoted from Dr. H. (\ Wood, Therapeutic^ p, 74, 

f Zeitsehrift fur Biologie, vol vii, p, 422, 
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Kerner,* * * § and more recently by Dr. Priorf and Dr. Sassetzky.J In 
Dr. Prior’s article is to be found a very complete account of the liter¬ 
ature of the subject. Dr. Kerner found that taking 9*3 grains of 
quinine hydrochloride per day in divided doses, for 3 days, making 
a total of 2T*9 grains, caused a diminution in the excretion of urea, 
amounting on an average for the three days to 12 per cent., while the 
excretion of uric acid under like conditions was diminished 54 per 
cent. Phosphoric acid, too, was diminished somewhat; on an aver¬ 
age about 4 per cent, per day. Diuretic action was very slight. 

With larger doses of quinine; 11'o grains of the hydrochloride in 
divided doses during three days; diuretic action was quite pro¬ 
nounced, the average increase in volume, amounting to 200 c.c. 
Moreover, urea was diminished on an average 23 per cent, per day, 
uric acid 82 per cent, and phosphoric acid 15 per cent. Oppenheim,§ 
however, by a dose of 30*8 grains of quinine found an increase in the 
daily excretion of urea amounting to 4 grams, and he considers that 
Kerner’s results are due to diminution of digestive action. It is cer¬ 
tain that both quinine and cinchonidine do interfere with the pro¬ 
teolytic action of the gastric and pancreatic juices,|| but this retarding 
action can hardly be taken as explaining in full, the results obtained 
by Kerner or those obtained by us with cinchonidine. 

Prior, moreover, by very carefully conducted experiments with 
quinine, has completely corroborated Kerner’s results and has shown 
in addition, by a daily determination of nitrogen in the faeces, that 
diminution of urea and uric acid is not due to lack of digestive 
action, as suggested by Oppenheim. Prior’s results show on an aver¬ 
age, without reference to the size of the dose, the following effects 
of the quinine.^ 

Quantity of Uric Sodium SulpUuiic Phosphoric 

urine. Urea. acid. chloride. acid. acid. 

increase decrease decrease decrease decrease decrease 

10-65 per cent. 19-60 % 72*29 % 9*06 % 33-70 % 23-38 % 

Sassetzky’s results with fever patients, also corroborate Kerner’s 
statements. 

* Pfluger’s Archiv, vol. iii, p. 104. 

f Ueber den Einfluss des Chinin auf den Stoifwechsel des gesundeu Organismus. 
Pfliigers Archiv, vol. xxxiv, p. 237. 

f Ueber den Einfhibs fieberhafte Zustande und Antipyretischer Behandlung auf 
den Umsatz der stickstoffhaltigen Substanzea und die Assimilation stickstoff-haltiger 
Bestandtheile der Milch. Virchow's Archiv, voL xciv, p. 485. 

§ Pfluger’s Archiv, vol. xsiii, p. 476-477. 

| Chittenden and Allen; Chittenden and Cummins, Trans. Conn. Acad., vol. vii. 

If Ptiuger’s Archived xxxiv, p. 263. 
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v. Boeck considers that quinine owes its retarding influence on 
proteid metabolism to a direct action of the alkaloid upon the cells and 
their activity, although the alkaloid doubtless does unite with albu¬ 
min or alter its constitution so as to render it less readily decompos¬ 
able. Metallic salts, as lead and mercury, certainly form compounds 
with albumin difficultly decomposable, as also does arsenic, andv. 
Boeck suggests that these metallic poisons unite with the proteid 
matter of the various* organs of the body, while quinine unites sim¬ 
ply with the circulating albumin, explaining in this manner the ready 
elimination of quinine as compared with the slow excretion of mer¬ 
cury or arsenic, the latter of which v. Boeck* has shown has little if 
any influence on pioteid metabolism. Prior, moreover, states that 
diminution in the urine of the end-products of nitrogenous metabol¬ 
ism is due, not to hindering of their excretion, but to actual hindering 
of their formation. 

Comparing now Kerner’s* results, with the results obtained by us 
with cinchonidine, we see great similarity of action but decided dif¬ 
ference in extent, particularly so far as the excretion of uric acid is 
concerned. With cinchonidine, the greatest average daily diminu¬ 
tion in uric acid amounts to but L5 per cent., and this after taking 
about 121 grains of the alkaloid during four consecutive days. Se¬ 
lecting the lowest single result, that obtained on the day 50 graius 
of cinchonidine were taken and comparing the diminution then, with 
the average normal excretion, it is seen to amount to but 26 per 
cent. In the case of urea and phosphoric acid, the divergence is not 
so great; thus for urea the average daily diminution was 11 per cent, 
for the three days following the last dose of cinchonidine, while the 
greatest diminution noticed in any one day was 1G per cent.; with 
phosphoric acid the average diminution for the same period amounted 
to 19 per cent., while the greatest diminution noticed any one clay 
was 38 per cent.; a diminution which at no time was reached in 
Kernels experiments with quinine. 

Thus in drawing a comparison between Kernels results with 11'b 
grains of quinine distributed through three days, and our results with 
121 grains of cinchonidine extended over four days, we see two strik¬ 
ing points of difference; with quinine there is a diminution in the 
amount of uric acid excreted of 82 per cent., with cinchonidine an 
average diminution of hut 15 per cent.; with quinine there is a dimin¬ 
ution of phosphoric acid amounting to 15 per cent., with cinchoni¬ 
dine, on the other hand, a diminution of 19 per cent. Hence it is to 


Zeitsebrift fur Biologie. vol. vri, p. 430. 
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be seen that cinchonidine has a far less pronounced specific action on 
the excretion of uric acid than quinine, while on the other hand, 
diminution of phosphoric acid is much more pronounced with cincho¬ 
nidine than with quinine. In Prior’s experiments, however, with qui¬ 
nine, diminution of phosphoric acid is more pronounced. 

Is this diminution in the excretion of phosphoric acid under the 
influence of cinchonidine to be attributed simply to decrease of pro- 
teid metabolism, or is it in part due to a special action of cinchoni¬ 
dine on the metabolism of some phosphorized principles, presumably 
those of nerve tissue ? If due to general decrease of proteid meta¬ 
bolism, we might expect to find that the addition of any non-nitro- 
genous principle to our fixed diet, whereby the decomposition of 
albuminous matter would be diminished, would cause a corresponding 
decrease in the excretion of phosphoric acid, or in other words that 
diminution of urea and phosphoric acid excreted, would be in the 
same ratio as noticed under the influence of cinchonidine. 

This question we have endeavored to answer by a study of the 
influence of pure glucose on the elimination of urea, uric acid, and 
phosphoric acid, under the same conditions of diet etc., as observed 
in the experiments with cinchonidine. 

The influence of carbohydrate food on proteid metabolism has been 
illustrated in many ways by various investigators, but so far as we 
know, no experiments with pure glucose have ever been tried. 
Through the courtesy of Dr. Arno Behr, of Chicago, we have been 
supplied with an abundance of chemically pure anhydrous glucose, 
which we have used in the following experiment. Before taking the 
sugar, the urine was analyzed for ten consecutive days, to insure an 
accurate average of the normal excretion under the conditions of the 
experiment. The results are shown in Table No. V. 

200 grams of glucose were then taken daily in addition to the 
fixed diet, for nine consecutive days. The effect on the excretion of 
urea, etc., is shown in Table No. VI. At no time was sugar to be 
detected in the urine by Trommer’s test. A comparison of the two 
tables shows the usual effects of carbohydrate matter on the excre¬ 
tion of nitrogen, viz : a diminution in the amount of both urea and 
uric acid. The volume of the fluid excreted, appears to be consider¬ 
ably lessened by taking the glucose. The excretion of phosphoric 
acid is likewise diminished. 



TABLE V 
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These points of difference are all 
ing table of av erages : 


Total quantity urine, 

Sp-gr.. 

Total solid matters. 

Chlorine. 

Total P»0„. 

Uric acid.. 

Urea. 


shown more clearly in the follow- 

er »sje of 


JS ormal 

TXune undei the 

mine 

influence of glucose. 

1030 0. C. 

938 c. c 

1027 9 

1028 

68 97 grams. 

63*62 grams 

6 79 

6*31 

I) *00 

2*75 

0*88 

0 72 

45*47 

40*94 


Coming now to the point at issue, viz: the relation between the 
amounts of urea and phosphoric acid excreted, we find that under 
the influence of glucose the average diminution of urea amounts to 
10 per cent., while the average diminution of phosphoric acid under 
the same conditions is 8*34 per cent. 

With cinchonidine, on the other hand, the average diminution of 
urea amounts to but 8*8 per cent., while the average diminution of 
phosphoric acid under like conditions is 11'9 per cent. Or, if we 
take the average of the three days following the last dose of cincho¬ 
nidine, when both urea and phosphoric acid reach their maximum 
diminution, and compare these results with the average of the nor¬ 
mal excretion we see that while the diminution of urea amounts to 
10*4 per cent., the average diminution of phosphoric acid is raised 
to 18*97 per cent. Consequently, it would appear that while cincho¬ 
nidine lowers the rate of decomposition of proteid matter in the 
body, it also has an effect upon the decomposition of some phospho- 
rized principles, that being the only plausible explanation of the 
increased diminution of phosphoric acid noticed under the influence 
of the cinchonidine salt. 










XIII,— The Post-mortem Formation of Sugar in tiie Liver, 

IN THE PRESENCE OF PEPTONES. By R. H. CHITTENDEN AND 

Alexander Lambert, B.A, Ph.B. 

Claude Bernard’s discovery in 1848, that the livei contains 
sugar, both before and after death, led at once to the inquiry as to 
the source of the sugar. This was apparently answered by Bernard’s 
later discovery of glycogen, an amylaceous body readily convertible 
into sugar by acids and various ferments. Thus, Bernard’s theory 
that the liver sugar resulted exclusively from glycogen has long been 
an accepted fact. In 1880, however, Seegen and Kratschmer in the 
first of a series of investigations,* state that the sugar formed in the 
liver does not have its origin, as supposed by Bernard, wholly in gly¬ 
cogen but that it is undoubtedly formed in part from other material. 
In a later communicationf the same investigators show, in corrobora¬ 
tion of their previous statement, 1. that the amount of sugar in the 
liver is increased very rapidly after death, in one case nearly 50 per 
cent, of the entire amount being formed within 10 minutes, while the 
whole process comes to an end inside of 24 hours; 2. that the glyco¬ 
gen formed in the liver is much more resistant to ferment action than 
has hitherto been supposed and that consequently the post-mortem 
formation of sugar by the action of a ferment upon glycogen could 
not take place so rapidly as the above. Moreover, direct experi¬ 
ments with dogs and with rabbits showed that in the first few hours 
after death, there was but little if any diminution in the amount 
of glycogen. Hence, Seegen and Kratschmer claim that the amount 
of glycogen remaining essentially the same, while the amount of 
sugar is greatly increased, tends to show conclusively that the 
liver sugar must be formed from some other material than glycogen 
and they venture the opinion that this source, whatever it may be, 
furnishes all of the liver sugar. 

Boehm and Hoffmann,J however, take exception to the views of 
Seegen and Kratschmer, claiming possible analytical inaccuracies 
from the methods of procedure. They show, moreover, by experi- 

* TTeber Zuckerbildung in der Leber. Pfluger’s Archiv, voL xxn, p. 236. 

f Pfluger’s Archiv, vol. xxiv, p. 461 

X TJeber die postmortale Zuckerbildung in der Leber. Pfluger’s Archiv, vol, xxiii, 
p. 205. 
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ments on cats and dogs, that after death, contrary to the state¬ 
ments of Seegen, increased formation of sugar is attended with a cor¬ 
responding decrease of glycogen, at least within such limits as are 
incident to the errors of experiment; further that in the case oi a 
cat’s liver 02 per cent of the liver glycogen disappeared in 24 hours 
after death, thus indicating less resistance to the action of ferments 
than would be implied by Seegen’s and Kratschmer’s results. 

In a later investigation,’* Seegen shows that pieces of finely divided 
liver, kept in contact for an hour or longer with a solution of pep¬ 
tone yield a larger amount of sugar and even of total carbohydrates, 
than equal weights of the same liver under like conditions of treat¬ 
ment, without peptones. These results were obtained with the 
livers of calves, rabbits and dogs. Seegen, therefore, concludes 
that the liver is capable of forming from peptones, sugar and carbo¬ 
hydrates which are convertible into sugar. 

A study of the analytical data plainly shows that the increase in 
sugar and total carbohydrates in the presence of peptone, although 
pronounced, is not great. The following experimentf with a calf’s 
liver obtained trom the market shows the most marked increase. 


With peptone. Without peptone. 


No. 

Time of the 
experiment. 

Sugar. 

Total 

carbohydrates. 

Sugar. 

Total 

carbohydrates. 

I. 

30 minutes 

3'84# 

9*52# 

3 40# 

8-8# 

IL 

48 hours 

3*5G 

8*92 

3’TO 

8*6 

III. 

96 “ 

2-66 

8*00 

2-82 

■7*8 


Here the increase in total carbohydrates is seen to be only 0-72 per 
cent, and of sugar only 0*44 per cent, after 30 minutes. In Nos. II 
and HI, longer standing in contact with the peptone tends to reduce 
the amount of sugar and to diminish the increase of total carbohy¬ 
drates. This is attended with increase of acidity and Seegen con¬ 
siders that a portion of the sugar is decomposed in this long contact 
with peptone with formation of acid. 

In a still later communication,! Seegen reports the results of other 
experiments tending to confirm his theory of the formation of carbo¬ 
hydrate matter from peptones in the liver. Thus, by feeding peptones 
to dogs, Seegen found that the content of sugar in the livers of 
eight dogs was considerably greater that in the normal liver, taking 
for the latter value the average of a number of determinations. 

* Die Emwirkung der Leber auf Pepton. Pfiuger’s Archiv, vol. xxv, p. 1C5. 

f Pfiuger’s Archiv, vol. xxv, p. 1*71. 

% Pepton ills Material fur Zuckerbildung in der Leber. Pfiuger’s Archiv, vol. 
xxvui, p. 99. 
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Likewise, by the injection of peptone solutions diiectly into the 
portal circulation of clogs, Seegen found the amount of sugar in 
the liver increased two and even nearly three times above the 
normal amount. Lastly, by warming portions of freshly excised 
liver at 40° 0., with a solution of peptone in water a ink some fresh, 
defibrinated blood, through which a constant current of air was made 
to pass, the amount of both sugar and total carbohydrates was con¬ 
siderably greater than under like conditions, but without peptones. 
The following experiment* taken from Seegen’s account, illustrates 
the average increase of carbohydrates under this method of treatment. 

Two portions of a dog’s liver taken 15 minutes after death, were 
mixed with 50 c. c. of water and 50 c. c. of defibriuated blood. To 
one portion 5 grams of peptone were added and air passed through 
the mixture for 5 hours. Following are the results obtained in both: 

Wt otpoition Ln or Total 

oilner Method of ti eatment. bug ir. caibohydrites. Glycogen, 

40 grams. without peptone and blood, 3'04 d 0 6*9 f 0 2*12 % 

40 ‘ with peptone and blood, 3 87 8*4 2*02 

Other experiments indicated that peptones themselves are without 
diastatic action and that the blood and air (to form oxyhaemoglobin) 
are by themselves without influence on the liver. Hence Seegen 
concludes that the liver cells, retained in a living condition by the 
action of blood rendered arterial by a current of air, are capable of 
forming from peptone more or less sugar; thus establishing, if true, 
that the animal organism is able to form carbohydrates from albu¬ 
minous material. 

This is certainly a very important question, for if Seegen’s views 
are correct they overthrow the long accepted belief in the origin of 
liver sugar in the hepatic glycogen. It is true that Bernard himself, 
before his discovery of glycogen, thought that the liver sugar origi¬ 
nated in albumin and there have always been, up to the present time, 
difficulties in explaining the origin of liver carbohydrates on the 
dehydration theory alone. As is well known, a certain amount of 
glycogen is formed during a purely animal diet and in chronic cases 
ol Diabetes the excretion of sugar is continued even on a pure albu- 
minious diet. Moreover, the suggestion has been before made that 
peptones in their passage through the liver undergo change. Thus 
Plosz and Gyergyaif noticed that while considerable peptone was to 
be found in the blood of the mesenteric veins and more or less in 

* Pfluger’s Archiv, vol. xxviii, p. 123. 

\ Obber Peptone und Ernabrungjnit denselben. PfLugerb Arehiv, vol x, p. 536. 
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the li\ er, only the merest trace was to be found in the blood of the 
hepatic vein, indicating thereby a decomposition of peptone in its 
passage through the liver. 

Maydl* claims that since the products of the decomposition of all 
forms of glycogen are the same, it follows that the glycogens them¬ 
selves are all identical, and since it is extremely improbable that the 
various carbohydrates with their different chemical constitutions 
should give one glycogen, he argues that it all must come from 
one source, viz: albumin. 

This is not the place, however, to discuss the relative merits of 
the rtehj dration and storage theories, it is enough simply to under¬ 
stand that the possible origin of liver sugar in proteid matter is one 
which would make clear many hitherto unexplained points. The 
great obstacle, has been to understand where and in what manner 
the liver sugar could be so formed. Seegen’s views therefore are of 
great importance, and are, moreover, in no sense, wholly inconsistent 
with previous ideas, hut the question at once suggests itself whether 
the analytical data on which they are founded are sufficient to war¬ 
rant their adoption. 

The determination of sugar in organic fluids is not without diffi¬ 
culty, and where slight variations in results may cause differences of 
half a per cent, or more, it becomes an extremely delicate matter to 
determine how far such results shall be trusted. Consequently, what¬ 
ever may be said as to whether the formation of sugar in the manner 
indicated by Seegen is a natural or an artificial process, we need first 
of all to know positively whether the liver under any circumstances 
is able to form sugar or other carbohydrate matter from peptones. 
This all hinges on the accuracy of JSeegen’s results, obtained by warm¬ 
ing portions of liver with peptones. If an increase of sugar and total 
carbohydrates is found in the presence of peptone, then we must con¬ 
clude that the latter has at least some influence on the formation oi 
the liver sugar. Recent experiments! have plainly shown that neutral 
peptone has a stimulating influence on the amylolytic action of 
ptyalin of saliva and diastase of malt; both of these ferments convert 
more starch into sugar in the presence of peptone than without and it 
is natural to suppose that the presence of peptone would similarly 
affect the amylolytic ferment which presumably acts upon glycogen. 
Seegen’s results, however, appear to show that while sugar is increased 

* Zeitschriffc fur physiol Ckem., vol. iii, p. 196. Ueber die Abs tammuug des 
Glykogena. 

f Trans. Conn. Acad., vol vi. p 343, vol. vii, p. 44. 
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in the presence of peptone, glycogen remains nearly stationary, or if 
diminished, not at all in proportion to the increase in sugar. Boehm 
and Hoihnann, however, found the liver glycogen much less resistant 
and that its decrease was in proportion to the increase in sugar. 
Delprat,* too, came to similar conclusions and could obtain no proof 
whatever, of the correctness of the views advanced by Seegen and 
Kratschmer. We have, therefore, in view of the importance of the 
subject, undertaken a study of the question in the hopes of throwing 
some additional light upon the matter. In this, however, we have 
limited ourselves entirely to a study of the post-mortem formation of 
sugar and carbohydrates by the liver in the presence of peptones. 

Methods employed . 

The animals experimented with, mainly rabbits, were killed by 
severing the jugular vein, the blood being collected and jlefibriu- 
ated. The liver was quickly taken out, the gall bladder removed 
and the liver then converted into a fine pulp by chopping, since it is 
probable, as v. Wittioh has suggested, that glycogen is unequally 
distributed through the liver. Two equal portions of the sampled 
and finely divided liver were accurately weighed out and placed in 
separate flasks; one, with a solution of* peptone and a known volume 
of blood, the other with an amount of distilled water equal in vol¬ 
ume to that of the two former. Both were then placed in a bath 
and warmed at 38-40° 0. for the time of the experiment. A con¬ 
tinuous current of air was made to pass through the blood solution 
in order to render it arterial. At the end of the experiment, the 
mixtures were poured into boiling water and extracted as long as a 
trace of glycogen could be detected in the fluids, by the iodine test 
This usually took about two days, working on an average with 40 
grams of liver. At the beginning of the extraction, the tissue was 
generally boiled with 400-500 c. c. of water for about fifteen minutes 
and then filtered through a funnel plugged with absorbent cotton. 
By repeating this operation four or five times, the greater portion of 
glycogen could be removed, but a complete extraction could be ob¬ 
tained only by long continued boiling with fresh quantities of water 
or long heating on the water-bath, the tissue being ground up occa¬ 
sionally in a suitable mortar. The various filtrates were evaporated 
on a water-bath and finally united and made up exactly to 500 c. c., 
after which the extracts were filtered through dry paper filters to 


* Jahresbericht fur Thiarchemie, 1881, p. 321. 
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remove any ti’aces of suspended matter which might have passed the 
cotton. Of these fluids, 200 c. c. of each were used for the deter¬ 
mination of glycogen and sugar, and 200 c. c. also, for the determi¬ 
nation of total carbohydrates. 

Determination of glycogen and sugar. —The 200 c. c. of fluid for 
the determination of glycogen and sugar were evaporated to a small 
bulk and then, when cool, precipitated by a large volume of alcohol. 
After standing 24- hours the clear supernatant fluid was filtered from 
the precipitated glycogen and peptones. The alcoholic filtrate and 
washings, containing the sugar, were then evaporated, the residue 
dissolved in water and made up to 100 c. c. } in an aliquot portion 
of which the sugar was determined graviraetrically, hy Allihn’s* 
improved method. 

The precipitate of glycogen, with its frequent admixture of pep¬ 
tone, was dissolved in water, the solution made up to 200 c. c. and 
then sufficient 10 per cent, hydrochloric acid added to make the 
solution contain 2 per cent. HCl. The mixture was then heated in a 
closed flask at 100° C. for 17 hours in order to convert the glycogen 
into dextrose, after which the solution was neutralized, concentrated 
somewhat, again made up to 200 c. c. and in an aliquot portion of 
this fluid, dextrose was determined by Allihn’s method, from which 
was calculated the amount and percentage of glycogen. Delpratf 
states that in attempting to determine glycogen by Briicke’s method 
he found the results considerably higher than when the isolated gly¬ 
cogen was converted into sugar by boiling with acid and the glyco- 
geu calculated from the data obtained. In our own experiments, the 
frequent presence of peptone prevented entirely the use of Brucke’s 
method. 12 hours heating at 100° C., however, with 2 per cent, 
hydrochloric acid was found in our case insufficient to completely 
convert the glycogen into dextrose, while 17 hours was found amply 
sufficient for complete conversion and at the same time allowed no 
decomposition of the sugar formed. This is well illustrated by the 
following experiments: 

A. 0*7665 gram pure, dried glycogen dissolved in 100 c. c. of 
water, was heated at 100* C. for 12 hours with sufficient hydrochloric 
acid to make the entire fluid contain exactly 2 per cent. The solution 
was neutralized, care being taken that the reaction did not become 
alkaline, then concentrated and finally made up to 50 c. c. 

14 c. c. gave 0*4215 gram Cu=0*2251 gram dextrose=0*2025 gram glycogen. 

14 £ * “ 0*4233 “ Cus=0*2263 4 * ** =0*2036 “ 

* Zeitschrift fur analyfcische Chemie, xxii, p. 448. 
t Jahresbericht far T&ierchemie, 1881, p. 322. 
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The 14 c. c. should have contained 0*2414 gram dextrose, the equiv¬ 
alent of 0*2146 gram of glycogen, 

B. 0*6190 gram glycogen dissolved in 100 c. c. of water was heated 
at 100° C. for 17 hours in the presence of 2 per cent, of hydrochloric 
acid. Solution was then neutralized, e\ aporated and made up to 50 c.c. 

18 c e gave 0 4585 gram Cu=0 2410 gram dextio^e=0 2223 gram glycogen 

18 “ u 0 4555 “ Cu=0 2454 “ =0*2208 “ 

The 18 c. c. should have contained 0*2475 gram dextrose, equal to 
0*2228 gram of glycogen. Hence, it is seen that 17 hours heating at 
100° C. is needed for a complete conversion of glycogen into dextrose, 
which was the time invariably employed in the after experiments. 

Influence of peptone on the conversion of glycogen into sugar by 2 
per cent. ECl at 100° C .—The question naturally suggested itself in 
. this connection whether the presence of peptone would interfere in 
any way with the complete conversion of glycogen into dextrose or 
whether the peptones by this long heating at 100° C. with the acid, 
would undergo any change by which reducing bodies might be 
formed and thus endanger the accuracy of the results. The latter 
point was tested by heating 2 grams of peptones in 100 c. c. of water 
containing 2 per cent of hydrochloric acid for 17 hours at 100° C., 
at the end of which time no reduction at all could be obtained with 
Fehling’s solution. 

The first point was tested by the following experiment: 

0*9290 gram of pure glycogen was. dissolved in 100 c. c. of water, 
then 2 grams of peptone were added and sufficient acid for the solu¬ 
tion to contain exactly 2 per cent. HC1, after which the mixture was 
heated at 100° C. for 17 hours. The solution was then neutralized, 
brought to a volume of 100 c. c. and the sugar determined. 

10 c c. gave 0*19S5 gram Ou=0 1017 gram dextrose=0*0915 gram glycogen. 

10 “ “ 0*2025 “ Cu=s=0 1039 “ =0*0934 “ 

whereas in the 10 c. c. then should he present, according to calcu¬ 
lation 0*1032 gram dextrose, the equivalent of 0*0929 gram of 
glycogen. Consequently the presence of peptone does not interfere 
with the accurate determination of glycogen by this method. 

Influence of the presence of peptone on the determination of sugar 
by AUihn's method. —Seegen* finds that the volumetric determina¬ 
tion of sugar with Fehling’s solution is not materially affected by 
the presence of peptone. By repeated experiments we have con¬ 
vinced ourselves, that in the use of the gravimetric method, the 

** Pfluger’s Arehiv, vol. xxviii, p. 115. 
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presence ol peptone may, unless certain precautions are taken, inter¬ 
fere slightly with exact determinations. With the Allihn method, 
variations of 2-5 milligrams in the amount of reduced copper are 
liable to occur if care is not taken in regulating the length of lime 
the alkaline copper solution is heated after addition of the sugar 
solution. Under ordinary circumstances results most nearly in ac¬ 
cord with theory are obtained by adding the sugar solution, as recom¬ 
mended by Allihn, to the previously heated Fehling’s solution and 
then beating further until hubbies just begin to break upon the 
surface of the liquid. If heated longer, even only half a minute, a 
slight increase in the amount of reduced copper will generally be 
observed. Now whenever peptone is present to any extent in the 
sugar solution, we have found by experience that complete reduc¬ 
tion does not take place quite so rapidly ; the loss is not great, some¬ 
times but a milligram or so, still the difference is appreciable. This, 
however, can he avoided by simply allowing the standard copper 
solution to boil for about 45 seconds after the addition of the sugar 
solution. Under such conditions, repeated trials have shown us, that 
the presence of peptone does not offer the slightest obstacle to accu¬ 
rate determinations of dextrose. Whenever, therefore, in the follow¬ 
ing experiments the solution to be tested contained peptone, the 
above rule has been invariably followed. 

Determination of total carbohydrates .—For this purpose 200 c. c. of 
the liver extract were heated in a closed flask at 100° C. with sufficient 
30 per cent hydrochloric acid to ensure a content of 2 per cent HC1, 
for 17 hours. The solution was then nearly neutralized, care being 
taken that the fluid did not become alkaline, concentrated and 
Anally brought to a volume of 200 c. c., in an aliquot portion of 
which the total carbohydrates in the form of dextrose were deter¬ 
mined iu the usual manner. Seegen* states that in the determination 
of total carbohydrates, the fluid, after heating with acid, always 
became very dark, which occasionally interfered somewhat with the 
determination of sugar. De!prat,f however, states that in his 
experiments the solution, under like conditions, became brownish 
yellow and generally deposited a flocculent brownish black precipi¬ 
tate of organic matter. Moreover, in some cases, particularly with 
the livers of dogs, cats and calves, the cuprous oxide, in determining 
total carbohydrates, would remain dissolved to a great extent, thus 
interfering with the accuracy of the volumetric determination, some- 

* Pflfiger’s Arohiv, vol. xxviii, p. 121. 

f Jahieslericht fur Thierchemie, 1881, p. 323-324. 
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times to the extent of even 1-2 c. c. of the sugar solution. In our 
experiments the acid solution was usually yellow or yellowish brown, 
and invariably at the end of the 17 hours contained the flocculent 
precipitate described by Delprat. By nearly neutralizing the solu¬ 
tion, the amount of this precipitate was considerably increased and 
on then filtering the fluid, after having made it up to a volume of 
200 c. c., considerable organic matter was removed. This, we found, 
had a decided influence on the accuracy of the determination, since 
alkaline solutions of this neutralization precipitate appeared to deci¬ 
dedly retard separation of the cuprous oxide. By paying attention 
to this point, we had no difficulty in obtaining fairly concordant 
results, by the use of the Allihn gravimetric method. 

Experiment I. 

A large sized rabbit was killed, the blood collected and defibrina- 
ted, the liver quickly removed and finely chopped. Two portions of 
40 grams each were weighed out and treated as follows : 

A. B 

40 gums liver. 40 grams liver. 

50 c. e. of a 10 $ solution of peptone. 95 c. c. of water. 

25 c. c. of blood. 

20 c. c. of water. 

These were placed in flasks, and warmed at 40° O. for two hours. 
The liver was in contact with the peptone 40 minutes after the death 
of the animal. A continuous current of air was kept passing through 
A . Following are the analytical results: 

Glycogen; total volume of the resultant sugar solution 200 c. c. 

Sugar: total volume of the solution 100 c. c. 

Total carbohydrates; volume of the resultant solution 200 e. c. 

Glycogen A . 


Volume 

used. 

Weight On. 

Eqnlv ilent 
in dextrose. 

Equivalent 
in glycogen. 

Total amt* 

Per cent. 

25 c. C. 

0 2B45 gram. 

0*1209 gram. 

0*10S8 gram. 

0*8704 gram 

5*44 

25 

0*2360 

0-12IT 

0*1095 

0 8760 

5*47 



Glycogen B. 



25 c. c. 

0*2675 gram 

0*1B8C gram. 

0*1247 gram. 

0*9976 gram. 

6*23 

25 

0*2659 

0‘13T1 

0 1239 

0*9912 

6*19 



Sugar A . 



25 c. c. 

0*2260 gram. 

0*1164 gram. 


0*4656 gram. 

2*91 

25 

0*2255 

0*1163 


0*4652 

2*90 


* Total amount of glycogen, dextrose or carbohydrates calculated as dextrose, 
contained in the above volume (100 or 200 c. c.) and representing, therefore, the 
amount contained m two-fifths of the 40 grams of liver. 
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Sugar B. 

V olumc Equivalent 

used. Weight Cu. in dextrose. Total amt. Per cent, 

23 c. c. 0*2135 gTam. 0*109*7 gram. 0*4388 gram. 2*14 

Total Carbohydrates A. 

12*5 c. c. 0*2160 gram. 0*1111 gram. 1“7*7*7G grams. 11*10 

.20 0*3361 0*1768 1*7680 11*05 

Total Carbohydrates B. 

25 c. c. 0*4030 gram. 0 2146 gram. 1*7168 grams. 10*73 

25 0 4042 0*2158 1*7224 10*76 


The following table shows the average percentage results: 

Amount of Total 

liver taken. Method of treatment. Glycogen. Sugar, carbohydrates. 

40 grams. With peptones and blood (A), 5*46 % 2*91 jg 11*08 # 

40 Without peptones and blood (B), 6*21 2*74 10*75 

—0*75 +0*17 +0*33 

From this it is seen that while in the presence of peptone and blood 
there is a slight increase of both total carbohydrates and sugar, 
there is also a more than corresponding decrease in the percentage of 
glycogen. 

Experiment II. 

Liver of a rabbit, removed directly after death and treated in the 
same manner as in Experiment I. 

a. B. 

40 grams sampled liver. 40 grams sampled liver. 

50 c. o. of a 10 per cent, peptone solution. 145 e. c. of water. 

25 grams blood. 

70 c. o. of water. 

Warmed 2 hours at 40° O., with a current of air passing through A, 


Glycogen A . 


Volume 

used. 

25 c. e. 

Weight Cu. 
0*3170 gram. 

Equiv alent Eqoft aleut 

in dextrose. in glycogen. 

0*1639 gram. 0*1493 gram. 

Total 

amount. 

1*1944 grams. 

Per 

cent. 

7 46 

/ 

25 c. c. 

0*3420 gram. 

Glycogen B. 

0*1798 gram. 0*1618 gram, 

1*2944 grams. 

8-09 

25 c. o. 

0*2520 gram. 

Sugar A . 

0*1303 gram. 

0*5212 gram. 

3*26 

10 a a 

0*0865 gTam. 

Sugar B. 

0*0441 gram. 

0*4410 gram. 

2*75 

10 e. c. 

0*2205 gram. 

Total carbohydrates A. 
0*1134 gram. 

2*2680 grams. 

14*15 

10 c.e. 

0*2110 gram, 

Total carbohydrates B . 
0*1084 gram. 

2*1680 grams. 

13*55 
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Amount of Tot'll 

li\or taken. Method of treatment Glycogen. Sngur. caibohydiate*. 

40 grams. With peptonop and ])lood (A), 7*10 d c 3*20 £ 14*15 % 

40 Without peptones and blood (I>), 8 09 2*73 13*35 

-0*63 -4-0*31 -rOGO 

Experiment III. 

A small rabbit, treated in the same manner as the preceding: 

A. B. 

23 grams sampled liver. 25 grams sampled liver, 

50 c. c. of a 10 per cent peptone solution. 125 c. c. of water. 

50 grams of blood. 

25 c. c. of water. 


Warmed for 2 hours at 40° C., with a constant current of air 
passing through A . 

Glycogen A. 


Volume 

used. Weight Cu 

Equivalent Eqnn alent 

m dext rose. m glycogen. 

Total 

amount. 

Per 

cent. 

25 c. c. 

0*0435 gram. 

0*0226 gram. 0*0203 gram. 

0*1624 gram. 

1*62 

23 

0*0455 

0*0236 0*0212 

0*1696 

1*69 



Glycogen B. 



25 c. c. 

0*0425 gram. 

0*0221 gram. 0 0198 gram. 

0*1584 gram. 

1*58 

23 

0*0405 

0*0211 0*0189 

0*1512 

1* 51 



Sugar B* 



25 c. c. 

0*1413 gram. 

0*0719 gram. 

0*2876 gram. 

2-8* 

25 

0*1400 

0*0713 . 

0*2852 

2*85 



Total carbohydrates A. 



25 c. C. 

0*1560 gram. 

0*0796 gram. 

0*6368 gram. 

C-36 

25 

0*1585 

0-0809 . 

0*6472 

6-4T 



Total carbohydrates B. 



25 c. c. 

0*1445 gram. 

0*0736 gram. 

0*5888 gram. 

8-88 

25 

0*1427 

0*0726 . 

0*5808 

5-80 

Following are the average percentage results: 

* 


Amount of 
liver taken. 

Method of treatment. Glycogen. 

Total 

Sugar, carbohydrate®. 

25 grams. 

With peptones and blood (A), 1*65 % 

.... 

6*42 % 

25 

Without peptones and blood (B), 1*54 

2*86 5? 

5*84 



+ 0*11 

+ 0*58 


In this experiment there is the same slight increase of total carbo¬ 
hydrates in the presence of peptone noticed in the two preceding 
experiments. The increase, however, is not great, and it suggests at 
once the question, whether the differences, although constant, are 


* Sugar A was lost. 
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beyond the ordinary^ limits of error. This question we have en¬ 
deavored to answer in tlie next experiment. 

Experiment IV. 

A rabbit’s liver removed from the body immediately after death, 
was prepared in the usual manner. Two mixtures, exactly alike, 
were then made as follows: 

A. B. 

25 grams of liver. 25 grams of liver. 

100 c. c. of water, 100 c. c. of water. 

These were in the bath 23 minutes after the death of the animal 
and were warmed at 40° C. for 2 hours. The two portions were 
then exti-acted and analyzed as in the preceding experiments; the 
object being to see how great a variation would be obtained by this 
like treatment of the two portions of sampled liver. Following are 
the results: 

Glycogen A. 


Volume 

used. 

25 c. o. 

Weight tu. 

0*1575 gram. 

Equivalent Equivalent 

in dextrose. m glycogen. 

0 0802 gram. 0*0721 gram. 

Total 

amount, 

0*5768 gram. 

Per 

cent 

5-76 

25 e. o. 

0*1585 gram 

Glycogen B. 

0*0809 gram. 0*0728 gram. 

0*5824 gram. 

5*82 

10 c. c. 

0*0433 gram. 

Sugar A. 

0*0225 gram. 

0 2250 gram. 

2-25 

10 c. c. 

0*0430 gram. 

Sugar B. 

0*0224 gram. 

0*2240 gram. 

2*24 

25 c. c. 

0 2340 gram. 

Total carbohydrates A. 
0*1207 gram. _ 

0*9636 gram 

9*65 

0 

25 e. c. 

0*2335 gram. 

Total carbohydrates B. 
0*1203 gram. _ 

0*9624 gram. 

9*62 


Glycogen. 

Percentage results. 

Sugar. Total carbohydrates. 



A, 5*76 per cent. 2*25 per cent. 9*63 per cent. 

B. 5*82 2*24 9*62 

-0*06 + 0*01 +0*03 

These results plainly show that when the conditions of the exper¬ 
iment are exactly the same, the average variation in results will be 
considerably less than 0*1 per cent. Consequently variations greater 
than this must have their origin in something other than the ordinary 
errors of analysis. Hence, in the three preceding experiments we 
have to account for an average increase of about 0*5 per cent, in 
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total carbohydrates in those cases where peptone and blood are both 
present. 

A comparison of Seegen’s results* show that while an aqueous solu¬ 
tion of peptone alone in contact with fresh liver increases somewhat 
the percentage of both sugar and total carbohydrate*, the addition 
of blood, kept arterial by the passage of a'current of air through 
the fluid, appears to still further increase the percentage of sugar 
and carbohydrates. Seegen, moreover, shows by a blank experi¬ 
ment, that blood alone in contact with the liver has no more influence 
on the formation of carbohydrates than distilled water. 

Experiment V. 

This experiment was tried mainly to see what influence peptones 
by themselves in the absence of blood, would have on the forma¬ 
tion of sugar and total carbohydrates. Two portions ot sampled 
liver from a large rabbit were treated as follows : 

a. s, 

50 grams liver. 50 grams liver. 

50 c. c. of water containing 2 grams of peptone*. 50 c. c. of water. 

The solution of peptone was poured over the liver just 45 minutes 
after the death of the animal. The mixtures were placed in a bath 
at 40° C. for 3 hours, after which they were allowed to stand at the 
temperature of the room for 21 hours. They were then extracted 
and analyzed in the usual manner, with the following results: 

Glycogen JL. 


Volume 

used 

Weight Cu. 

Equivalent Equivalent 

in dextrose. in glycogen. 

Total 

amount. 

Per 

cent. 

25 c. c. 

0-1900 gram. 

0*0973 gram. 0*0875 gram. 

0*7000 gram. 

3*50 

25 

0-1915 

0*0980 0*0882 

Glycogen B. 

0-7056 

3*52 

25 c. c. 

0-1785 gram. 

0*0913 gram. 0*0821 gram. 

Sugar A. 

0*6568 gram. 

3*28 

25 c. c. 

0*4085 gram. 

0*2177 gram. 

0*8708 gram. 

4*35 

10 

0*1735 

0*0887 . 

Sugar B. 

0*8870 

4*43 

10 c. c. 

0*1745 gram. 

0*0892 gram. 

Total carbohydrates A. 

0*8920 gram. 

4*46 

10 c. c. 

0*1985 gram. 

0*1017 gram. 

Total carbohydrates B. 

2*0340 grams. 

10*17 

10 e. c. 

0*1830 gram. 

0*0937 gram. 

1*8740 grams. 

9*37 


* Pfluger’s Archly, vol. xxv, p. 172; ibid, vol. xxviii, p. 125. 
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Average percentage ) esnlfs. 

Amount ot Total 

Inei taken Method of tie uancnt. Glycogen. Sugar, taiholndntcs 

50 grains With peptones (A), .1*51 per cent 4*.'if) pei cent. 10 17 per cent 

50 Without peptones (B), 3*28 4-46 9-37 

+ 0*23 -0*07 +0 80 

Experiment VI. 

This experiment is practically a repetition of the preceding one, 
excepting that the temperature throughout the experiment was about 
18-20° C. and the length of time 24 horn's. This latter point we deem 
of considerable importance, for as the results show, the same increase 
in total carbohydrates in the presence of peptone is apparent here, 
after 24 hours treatment and also in the preceding experiment after 
21 hours treatment, as has been observed at the end of 2 to 3 hours 
in the'presence of peptone and blood. For Seegen lays considerable 
stress upon the fact that in many animals the newly-formed carbo¬ 
hydrates and sugar, supposed to have their origin in the peptones, 
are after a time decomposed, so that at the end, say of 24 hours, the 
content of sugar and total carbohydrates fall back to their original 
amount, that is, the amount found in the control. Seegen further 
claims that this point speaks strongly in favor of the action of the 
liver, as such, on the conversion of peptone, and rabbits’ liver accord¬ 
ing to his experiments is no exception to the rule.* The experiment 
was as follows: 

A. % B 

40 grams fresh liver (rabbit). * 40 giams fresh liver 

55 c. C. of water containing 2 grams of peptone. 55 c. c. of water. 

These two mixtures stood at the temperature of the room for 24 
hours, when they were extracted and analyzed with the following 


results: 

Ulycogui A. 

Volume Equivalent Equivalent Total Per 

used. WeiftbtCu. matxuose. m jrlj cogen. amount cuit. 

25 c c. 0*2767 gram. 0*1430 gram. 0*1292 giam. 1*0330 giams G*46 

Glycogen B 

25e.c. 0*2315 gram. 0*1299 gram. 0*1168 gram. 0*9344 gram. 5*84 

Sugar A. 

25 a c 0*2745 gram. 0*1424 gram. 0*5696 gram. f 3-56 

25 0*2655 0*1373 0*3500 3*43 

Sugar B 

25 c. c 0*3210 gram. 0*1681 gram. 0*6724 gram 4*20 

25 0*3260 0*1709 0*6836 4*27 

Total carbohydrates A. 

10 c. c. 0*2100 gram. 0*1079 gram. 2*1580 grams. 13*48 

Total carbohydrates B. 

10 c. c. 0*2013 gram. 0*1032 gram. - 2*0640 grams. 12*90 


* PflGgeris Archiv, voL xxv, p. 175 

» «t.tu rtoiprmiriation. difficulty was experienced in obtaining «i good reduction. 
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Amtu/e punnfarje lewlts 

Vmonnt ot lotil 

InLitikcn Method of tic itmcnt Gljcogin Myu pi foohjdiites 

40 grams With peptones (A), 6 46 pei n nt ) 40 per cent 1% 40 pei cent 

40 Without peptones (B), 5 84 J21 12 90 

+ 0 62 —G 74 +0 58 

Both of these experiments tend to show that the presence of blood 
has no especial influence on the percentage of total carbohydrates; 
fully as great an increase is to be noticed in the presence of peptone 
without blood, as when the latter is present. Evidently then, if the 
increase in total carbohydrates noticed in all of our experiments is 
really due to the post-moi tern formation of carbohydrate matter from 
peptone it is quite certain that blood is not at all essential to the 
reaction, at least in the livers of rabbits. 

It is to be noticed, moreover, in the two last experiments that, in 
the absence of blood, the sugar is not increased in amount in the 
presence of peptone. On the contrary, the presence of peptone 
under such conditions appears to diminish the formation of sugar, 
glycogen being correspondingly increased. In all of the experiments 
with rabbits, it is apparent from the results, that any increase of 
sugar in the presence of peptone is in every instance counterbalanced 
by a corresponding decrease in glycogen. In the last two experi¬ 
ments, the same relationship between the amouut of glycogen and 
sugar is to be noticed, only here the greatest percentage of sugar is 
to be found in that portion of the liver which was treated without 
peptones. This would suggest that blood either facilitates in 
some manner the action of such amylolytic ferment as is present in 
the liver, or else that it introduces an additional ferment which causes 
increased amylolytic action. Blood certainly does not contain any 
substance convertible into sugar by the action of boiling acids, 
since the increase in total carbohydrates is no greater in the presence 
of blood than in the presence of peptone alone. 

We have therefore tried the following experiment in order to as¬ 
certain whether blood by itself, in the absence of peptone, has any 
influence whatever on the formation of sugar. 

Experiment VII. 

A. B. 

60 grams of sampled liver (rabbit) 50 grams of sampled liver. 

27 grams of blood 92 c. c. of water. 

65 c. c of water. 

The blood from the same rabbit was poured over the liver 35 min¬ 
utes after the death of the animal and the two flasks containing the 

Traits Conn Acad, Vol. VII. 25 Nov., 1885. 
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mixtures were then placed at a temperature of 40° C. for 2 hours. 
A constant current of air was kept passing through the blood during 
this time. Following are the results obtained : 

Glycogen A. 


Volume 

used. 

Weight Cu. 

Equivalent Equivalent 

in dextrose. mglj cogen. 

Total 

amount. 

Per 

cent. 

25 c c. 

0 1270 gram. 

0*0647 gram. 0 0582 gram. 

0*4656 gram. 

2*32 

25 e c. 

0*1947 gram. 

Glycogen B. 

0*0997 gram. 0-0S97 gram. 

0*7176 gram. 

3*a8 

10 c. c. 

0*1635 gram. 

Sugar A. 

0*0845 gram. 

0*8450 gram. 

4*22 

10 c c. 

0*1420 gram. 

Sugar B. 

0*0723 gram. 

0 7230 gram. 

3 61 

TO 

0*1415 

0 0720 . 

0-7200 

3*G0 

20 c. c. 

0 3800 gram. 

Total carbohydrates A. 

0*2014 gram. 

2*0140 

10*07 

20 c. c. 

0*3785 gram. 

Total carbohydrates B. 

0*2005 gram. 

2*0050 

10*02 

Average percentage results. 

Amount of Total 

liter taken. Method of treatment. Glycogen feugar. carbohydrates, 

50 grams, With blood (A), 2*32 per cent. 4*21 per cent. 10*07 per cent 

50 

Without blood (B), 3*58 ■ 3*61 

-1*26 +0 60 

10*02 

+ 0*05 



Total carbohydrates are not at all affected by the presence of 
blood, but the percentage of sugar is considerably increased, and in 
accord with the increase of sugar, is to be noticed a decided de¬ 
crease in the percentage of glycogen. Evidently then the percent¬ 
age of sugar in the rabbit’s liver is increased in the presence of blood, 
which increase is due wholly to a more vigorous decomposition of 
glycogen. Moreover, whenever increase of sugar has been observed 
in our experiments a corresponding decrease in glycogen has as a rule, 
also been seen. In this respect, therefore, our results agree with 
those of Boehm and Hoffinann, as also with those of Delprat. See- 
gen, however, states in a later communication,* that in rabbits, 
glycogen is more rapidly changed than in the case of dogs, or in 
other words that the liver-glycogen of rabbits is less resistant to the 
action of ferments. 

In all of the preceding experiments with the livers of rabbits, it is 
to be noticed that the sum of glycogen, calculated as dextrose, and 

* Pflfiger’s Archiv, vol xxiv, p. 461 
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the sugar, is not at all equal to the figures representing total carbohy¬ 
drates, being in every instance considerably less than the latter. 
Thus in Experiment Y, the amount of total carbohydrates is in A 
(with peptones) 10T7 per cent., while the sum of sugar and glyco¬ 
gen calculated as dextrose is but 8*29 per cent; a deficit of 1-88 per 
cent In i?, likewise, where peptones jire not present, there is a sim¬ 
ilar deficit, amounting in this case to 1-2T per cent. It is not to be 
supposed that such a deficiency could in any manner arise from 
errors of analysis and the most natural supposition is that the sugar, 
determined and calculated as dextrose, might be of lower reducing 
power; or in other words that it might consist of maltose instead of 
dextrose, or rather, of a mixture of maltose and dextrose or of a 
soluble dextrin. O. Nasse* has stated that the dead liver contains 
dextrose, or a sugar whose reducing power is not increased by heat¬ 
ing with dilute sulphuric acid. Seegen and Eratschmerf also state 
that the dead liver contains dextrose, and further, that the liver sugar 
is exclusively dextrose. This opinion is based mainly upon the fact 
that the fluid obtained from a calf’s liver by pressure, yielded by 
dialysis and subsequent treatment with alcohol, a saccharine body, 
which on the addition of an alcoholic solution of potash was converted 
into the known dextrose-potash compound. Museulus and Y. Me ring, J 
however, claim that in addition to dextrose, the dead liver also con¬ 
tains maltose. This sugar they detected twice; once in the dead 
liver of a dog, 1 hour after death, and again, also in a dog’s liver, 5 
hours after death. Iu both cases dextrose was likewise present. Dex¬ 
trin they were not able to detect with certainty, but they consider 
that the liver ferment also forms this.body, intermediate between 
glycogen and the sugars. E. Ktilzg has also prepared from the dead 
livers of dogs pure dextrose, but he does not conclude definitely as 
to the presence of dextrin and maltose. It is to be seen, therefore, 
that while there is unanimity of opinion regarding the presence of 
dextrose, there is less certainty regarding the presence of the lower 
reducing sugar, maltose. 

We have therefore, carefully examined the nature of the sugar 
remaining in the alcoholic filtrate after the precipitation of glycogen, 
and we find, in almost every instance, that the saccharine body there 

* Bemerkungen zur Pbysiologie der Kohlehydrate Pfiuger’s Arcbiv, vol. xiv, p. 473 

\ Die ITatur des Leberzucker. Piiuger’s Archiv, vol. xxil, p. 214. 

t Ueber die Umwandlung von Starke und Glycogen dnreh Diastaa, Speiehel, Pan" 
creas und Leberfermenfc. Zeitschriffc fur pUvsioIogische Chemie, vol ii, p. 417. 

§ Ueber die ISfatur des Zuckers in der todtenstarren Leber. Pfluger’s Arcbiv, vol, 
xxiv, p. 52. 
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present, has its reducing power considerably increased by heating for 
a short time with 2 per cent, sulphuric acid. Moreover, the sum of 
glycogen calculated as dextrose, and the liver sugar converted wholly 
into dextrose by boiling with dilute acid, exactly equals the total 
carbohydrates in those cases where peptones are not present. Thus 
in Experiment V, A and B 9 the final sugar solution amounted in 
each instance to 100 c. c.; 50 c. c. of these solutions were mixed with 
sufficient 10 per cent, sulphuric acid to insure a content of 2 percent, 
after which the two solutions were boiled for two hours, evaporation 
being prevented by an inverted Liebig’s condenser. On cooling, the 
solutions were made nearly neutral, concentrated somewhat and 
finally brought back to a volume of exactly 50 c. c. Following are 
the analytical results both before and after boiling with the dilute acid. 

A. With peptones. 



\ oluuie 
used 

\\ eight Cu 

Equivalent 
m dextrose. 

Total 

amount 

Pei 

Lint 

Before boiling, 

10 c c 

0-1735 gram. 

0*0887 gram 

0 8870 gram 

4 43 

After boiling, 

10 

0-2270 

0-1169 

1-1690 

5 84 

Before boiling. 

10 o e. 

B Without peptones . 

0 1745 gram. 0 0892 gram 

0*8920 gram 

4 46 

After boiling. 

10 

0-2234 

0*1150 

1-1500 

5*75 


Hence, it is evident that the liver sugar, in this instance at least, 
is not made up entirely of dextrose. Neither is it wholly maltose, 
for if such were the case, the reducing power before and after boiling 
with acid, would be in the proportion of 66:100, whereas in the 
above experiment the ratio in A is 76*4 : 100 and in B 78*1:100. 
Still, it would appear that the lower reducing body is present in the 
largest quantity. 

It was not our purpose to study particularly the nature of the 
liver sugar, so we have not sought for positive proof of the character 
of this lower reducing body. That it is not dextrin, or glycogen 
left unprecipitated by the alcohol, evident from the fact that the 
addition of a little pure yeast to the normal sugar solution sets up a 
fermentation by which the sugars are not only completely decom¬ 
posed but no amylaceous bodies whatever remain in the fluid; at 
least none which will yield reducing bodies on boiling witb dilute 
sulphuric acid. Consequently it would appear that the lower redu¬ 
cing body is in all probability maltose. We do not intend to say, 
however, that dextrin is never present in the liver; on the contrary, 
we are inclined to agree with Musculus and v. Mering that dextrin 
is doubtless formed as an antecedent to maltose, but in the two or 
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three fermentation experiments that we have tried, the sugar solu¬ 
tion has never contained dextrin. It would of course he more 
natural in seeking for dextrin to look in the glycogen precipitate. 
Finally, it is interesting to notice in connection with this same exper¬ 
iment, that in B the sum of glycogen calculated as dextrose and the 
sugar after boiling with sulphuric acid equals the total carbohydrates 
found; while iu where peptones are present, the total carbo¬ 
hydrates more than equal the sum of glycogen and sugar, as is shown 
by the following figures from Experiment V. 

Sugar not boiled with icid Sugar boiled with acid. 

F™ 1 ~Z iP 

Glycogen calculated as dextrose, 3*90 p c 3*64 p. c. 3 90 p, c. 3*64 p. c. 

Sugar calculated as dextrose, 4*43 4*46 5*84 5*75 

8*33 8 10 9*74 9*39 

Total carbohydrates found in A 10 17 per cent. 

“ •* “ B 9*37 

This shows an apparent increase in total carbohydrates of 0*43 
per cent, (in A) under the influence of the peptones; this being the 
difference between the total carbohydrates found, and the sum of 
glycogen calculated as dextrose and the sugar after boiling with 
dilute acid. In B on the other hand, the total carbohydrates found 
and the sum of glycogen and sugar differ but 0*02 per cent. 

Experiment VIII. 

This experiment was tried mainly to verify the preceding state¬ 
ments regarding the liver sugar. 

40 grams of liver from a rabbit were finely divided and placed in a 
flask with 50 t\ c. of water. The mixture was then warmed at 38- 
40° C. for 2 hours, when it was boiled and extracted in the usual 
manner. The liver was placed in the warm bath just 25 minutes 
after the death of the rabbit, consequently hours intervened be¬ 
tween the death of the animal and the stopping of ferment action. 
Following are the results of the analysis; 


Glyiogeu 


Volume 

used. 

Weight Cu. 

Equivalent Equivalent 

in dextioae. xn glycogen. 

Total 

amount. 

Per 

cent. 

25 c. c 

0*2990 gram. 

0 1560 gum. 0*1404 gram 

1*1232 grams. 

7*02 

10 c. c. 

0*0915 grain. 

Sugar. 

0*0460 gram. . 

0*4660 gram. 

2*91 

10 c. c. 

Sugar after boiling with dilute H^SO*. 
0*1145 gram 0*0382 gram. 

0*3820 gram. 

3*63 

10 c. c 

0*1790 gram. 

Total carbohydrates. 

0*0916 gram. 

1*8320 grams. 

11*45 
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Glycogen as dextrose. 7*80 per ceut f SO per cent 

Sugar, 2 01 After boiling with lLSOt, 3 0 5 

10*71 11 4.1 

It is evident that here, as in the preceding experiment, the sum of 
glycogen calculated as dextrose and the sugar equals the total car¬ 
bohydrates actually found, only when the sugar has been boiled with 
dilute sulphuric acid, in which case the agreement is, as before, 
almost exact. Plainly then, dextrose is not the only sugar formed in 
the liver, and if, as seems probable from our experiments, the sugar 
has its origin in the hepatic glycogen, it would be quite in accord 
with analogy to expect the presence of both maltose and dextrose. 

The relative reducing power, before and after boiling with acid, 
is much the same as in the preceding experiments, viz: 1 9*9: 100, 
and indicates the pi'esence of considerable of the body with lower 
reducing power. This portion of the experiment was duplicated 
with another 40 grams of liver from the same rabbit under exactly 
the same conditions as to time and temperature, with results almost 
identical with those obtained from the preceding portion, thus testi¬ 
fying to the accuracy of the methods. 

Sugar solution before boilinq with dilute aud. 

10 c. c\ gave 0*0865 gram Cu=0*0444 giam dextrose=2*78 per cent. 

Sw/ar solution ajter hoihmj with dilute odd 
10 c. c. gave 0*1080 gram Cu=L> 0550 gram dextro^e=3 44 per cent. 

The relative reducing power before and after boiling with dilute 
sulphuric acid is in this case SO’O :100. 

Experiments were now tried, to ascertain the influence of peptone 
on the formation of carbohydrates in the livers of other animals. 

Krjwiment IX. 

A large cat in full digestion, fed mainly on proteid matter, was 
chloroformed, blood collected from the jugular vein and the liver at 
once removed. Two mixtures were then prepared as follows: 

A ’ B. 

50 grams sampled livei, 50 grams sampled liver. 

20 grams blood, 100 c> e 0 f water. 

50 c. c. of a 10 per cent, solution of peptone 

40 c. c. of water. 

These were placed in a bath at 88-40° C. 50 minutes after the 
death of the animal, and were kept there for 2| hours, with a con¬ 
stant current of air passing through A in order to render the blood 
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arterial. At the end of this time further action was prevented bj 
boiling the mixtures, after which they were extracted in the usual 
manner. Neither of the two extracts contained enough glycogen for 
estimation. Following are the other results : 


Sugai J.. 


Volume 

used 

"Weight otCu 

Equn alt nt 
m dextrose 

Total 

amount 

Pei 

cent 

25 c. c 

0*1710 gram. 

0 0874 gram. 

0 349G gram 

174 

25 c. c. 

Aflei 

0*1730 gram. 

boiling with dilute H^ROi 
0*0885 gram. 

0*3340 gram 

1*77 

25 c. c. 

0*1G.‘>8 gram. 

Sugar B. 

0*0837 gram. 

0*3348 gram. 

1*07 

25 c. c 

Aftn 

0 1750 gram 

boiling uith dilute JI.SO 
0*0805 gram. 

i. 

0*3580 gram. 

1*79 

25 c c 

0*1048 gram. 

Total cmbohydiotes A. 

0 0533 giam. 

0*4264 gram 

2*33 

25 c c. 

0*09'»0 gram. 

Total cmhohydratei s JB. 
0*0474 gram. 

0 3792 gram. 

189 

Amount of 
livei taken. 

Sugar. 

Gl>* Beiore Aftei 

Method ot tieatuient cogen boiling. boiling 

Total 

caibohj drates 

50 grams 

With peptones and blood (A), 0 1*74# 177fc 

2*13 £ 

50 

Without peptones and blood (B), 0 3*G7 1*79 

1*89 


+ 0*01 —0 02 +0*24- 


, In the presence of peptone, there is to be noticed a slight increase 
in total carbohydrates, which increase receives confirmation from 
the fact that in A, the total carbohydrates exceed the sugar by 0-36 
per cent., while in B the difference after boiling the sugar with dilute 
acid is but 0*1 per cent., probably within the limits of error. It is 
to he noticed, moreover, that in the presence of peptone, the sugar 
formed is wholly dextrose, its reducing power not being materially 
changed by boiling with dilute acid, whereas in B there is a slight 
increase in reducing power on boiling with acid. If the difference is 
sufficient to warrant any explanation it might be suggested that 
peptone by its presence* stimulates the ferment which presumably 
converts maltose into dextrose and thus in A complete conversion 
was effected sooner than in B . 

Experiment X. 

This experiment was like the preceding, with the exception that 
the cat employed was not in full digestion. The stomach was nearly 

* Compare Chittenden and Smith, Trans. Conn Acad., vol. yi, p 343. 
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empty and the small intestines likewise. The sampled liver was in 
the bath at 40° C., 25 minutes after the death of the animal. 

A. Jt 

40 grams of liver. 40 grams of livor. 

25 grams of blood. 135 c c of water. 

100 c & of a 2 per cent solution of peptone 
10 c. c. of water. 

These mixtures were warmed at 40° C. for 2 hours, with a current 
of air passing through A , after which they were extracted and treated 
in the usual manner. Glycogen was uot found in sufficient quantity 
for determination in either A or B . An accident happened to the 
sugar solutions, so that the absolute amount of sugar could not be 
estimated, but the relative reducing power of the sugar solution, 
before and after boiling with dilute sulphuric acid, was accurately 
determined. 


Total ca / boh yd) ates A. 


Volume 

used 

25 c. c. 

Weight oi Cu. 
0*10t0 gram. 

Equn dent 
in dextrose 

0 0545 giam. 

Total 

amount 

0*4360 gram.* 

Per cent. 
2*72 

25 c. c. 

,0*0865 gram. 

Total carbohydrates 
0 044-1 gram. 

B. 

0 3528 gram. 

2*20 

25 c. c. 

25 

0*1045 gram. 
0*1479 

Sugar A . 
0*0529 gram. 
0 0753 

Before boiling with dilute acid. 
After boiling with acid. 

25 e.c. 

25 

01453 gram. 
0*19*25 

Sugar B. 

0 0740 gram. 
0*0986 

Before boiling with dilute acid. 
After boiling with acid. 


In this case, the total carbohydrates show an increase of 0*52 per 
cent in the presence of peptone. The sugars, unlike the result in 
the preceding experiment, show a very great increase in reducing 
power, on being boiled with dilute sulphuric acid. In A, the rel¬ 
ative reducing power before and after boiling with the acid, is 
70*6 :100 and in B ^5*4 :100. Hence in this experiment it would 
appear that the lower reducing body, presumably maltose, is present 
in .great excess. 

Experiment XI. 

In this experiment, a liver was taken from a freshly killed lamb, 
sampled in the usual manner and then warmed at 40° C., with and 
without peptone, for 4 hours. The liver was in the bath and mixed 
with the peptone solution just one hour and 20 minutes after the 
death of the animal. In this experiment no blood was used. 
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A. B . 

50 grams of liver. 50 grama of liver. 

50 c. e. of a 4 per cent solution of peptone. 50 c c of water. 

Glycogen could not be detected in sufficient quantity for estima¬ 
tion. Following are the other results: 


Sugar A. 


Volume 

used. 

25 c. C 

Weight of Cu. 
0*2440 gram. 

Equivalent 
in aexti ose. 

0 1260 gram. 

Total 

amount. 

0*5040 gram. 

Per cent. 
2*52 

25 c. c. 

After 

0*2405 gram. 

boiling with dilute 
0 1289 gram. 

H a SOi. 

0*5156 gram. 

2*57 

25 c c. 

0 2430 gram. 

Sugar B. 
0*1255 gram. 

0*5020 gram. 

2*51 

25 c. c. 

After 

0*2445 gram. 

boiling with dilute 
0*1262 gram 

H a SO*. 

0*5048 gram. 

2 52 

25 c c. 

0 1185 gram. 

Total carbohydrates 
0 0603 gram. 

A. 

0*4824 gram. 

2*41 

25 c. c. 

0*1210 gram. 

Total carbohydrates 
0*0616 gram. 

B. ' 

0*4928 gram. 

2*46 


Here there is neither increase in total carbohydrates in the pres¬ 
ence of peptone, nor is there aDy change in the reducing power of 
the sugar solutions after boiling with dilute acid. Total carbohy¬ 
drates, moreover, fall a trifle below the percentage of sugar, although 
the difference is within the limits of error. 

Experiment XII. 

With a sheep’s liver, 24 hours after death. 

A. B. 

50 grams of sampled liver. 50 grams of sampled liver. 

100 e, c. of a 2 per cent, solution of peptone. 300 c c. of water. 

These were warmed at 40° C. for lj hours, then extracted and 
tested. No glycogen was found. 


Sugar A. 


Volume 

used. 

25 c. c. 

Weight of Cu. 
0*1085 gram. 

Equivalent Total 

in dextrose. amount. 

0*0552 gram. 0*2208 gram. 

Per cent. 

m 

25 c. c. 

0*0825 gram. 

Sugar JB. 

0*0420 gram. 0*1680 gram. 

0*84 

25 o. c. 

0*0750 gram. 

Total carbohydrates A. 

0*0383 gram. 0*3064 gram. 

1*53 

25 e. c. 

0*0465 gram. 

Total carbohydrates B. 

0*0241 gram. 0*1928 gram. 

0*96 


Traits. 0cm Aoad., Ton VII 26 , Nov., 1885. 
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Amount of Total 

liver taken. Method, of treatmtMit. Glycogen. Kuirar. carbohydrates. 

50 grams. AVitli peptone* {X), 0 1*10 per cent. 1*53 per cent. 

50 Without peptones (B), 0. 0*84 0*96 

+ 0*26 + 0*57 

Increase in both sugar anti total carbohydrates is to be noticed 
in A , The increase in total carbohydrates, moreover, is twice as 
great as the increase in sugar. 

Mrperiment XIII. 

With a calf’s liver, from a freshly killed animal, obtained at the 
slaughter house. 

a. b. c. 

50 grams of liver. 50 grams of liver. 50 grams o£ liver. 

100 c. c. ot water. 100 e. c. of water. 100 c e. of a 2 per cent solution of peptone. 

A was warmed at 40° C. for 1 hour and 20 minutes, after which it 
was extracted and analyzed; B and C on the other hand, were heated 
for 1 hour and 30 minutes at the same temperature, after which they 
were allowed to stand for 16 hours at about 18-20° C. before being 
extracted. The special object in view was to ascertain the influence 
of time on the disappearance of glycogen. 

Following are the results obtained : 

Glycogen A. 


Volume 

used. 

25 C.C. 

Weight of Cu. 
0*0230 gram. 

Equivalent Equivalent 

in dextrose. in glycogen. 

0*0125 gram. 0*0112 gram. 

Total 

amount. 

0*0896 gram. 

Per 

cent. 

0*44 

25 c. c. 

0*0105 gram. 

' Glycogen B. 

0*0063 gram. 0 0056 gram. 

0*0448 gram. 

0*22 

25 c. c. 

25 c.c. 

Glycogen C. 

a mere trace only. 

Sugar J.. 

0*1900 gram. 0*0973 gram. 

0*3892 gram. 

1*94 

25 c. 0. 

0*2100 gram. 

After boiling with dilute H u S0i. 
0*1079 gram. 

0*4316 gram. 

2*15 

25 c. c. 

0*2445 gram. 

Sugar B. 

0*1262 gram. _ 

0*5048 gram. 

2*52 

25 c.c. 

0*2535 gram. 

After boiling with dilute H a S0 4 . 
0*1310 gram. 

0*5240 gram. 

2*62 

25 a c. 

0*2315 gram. 

Sugar C. 

0*1198 gram. 

0*4792 gram. 

2*39 

25 c.c. 

0*2620 gram. 

After boiling with dilute H a S0<. 
0*1357 gram. 

0*5428 gram. 

2*71 

25 c.c. 

0*1210 gram ; 

Total carbohydrates A. 

0*0616 gram. _ 

0*4928 gram. 

2*46 

25 c. c. 

0*1410 gram. 

Total carbohydrates B. 

0*0718 gram. 

0*5744 gram. 

2*87 

25 c.c. 

0*1405 gtam. 

Total carbohydrates O. 

0*0715 gram. 

0*5720 gram. 

2*86 
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Without ]M»ptones, Without peptones, With peptones, 

1 horn 20nun. 1^ liouis at 10 C. 1J»horns at 10 0. 

at 10 C. and 10 h. at 30 V. and 10 h at 20 C. 

Glycogen.. 0 14 per cent. 0*22 per cent 0 

Sugar before boiling with RJSOi 1*04 2*52 2 39 per cent. 

Sugar after boiling with U a SO t - 2*13 2*62 2*!l 

Total carbohydrates. 2*46 2\S*7 2*80 

A comparison of these results shows no increase whatever in total 
carbohydrates in the presence of peptone (B and G r .) Somewhat 
strange is the apparent increase of 0*41 per cent, in the absence of 
peptone after standing 24 hours. The percentage of glycogen is 
diminished one half after standing 24 hours, and, as has been noticed 
several times before, it is still further diminished in the presence of 
peptone. Consistent with the theory of the formation of liver sugar 
from the hepatic glycogen, is the fact that in this experiment increase 
in sugar accompanies decrease in glycogen. This is shown best in 
the percentages of sugar, after boiling with dilute sulphuric acid. 
The relative reducing power of the sugar solutions, before and after 
boiling with dilute acid, is in JL 90*1: 100, in B 96*4: 100, and in C 
88*3: 100. In other words the liver sugar in B after standing 24 
hours is composed mainly of dextrose, the lower reducing body 
present in larger quantity in A having been gradually changed by 
longer contact with the liver tissue. In (7, however, although the 
time was the same as in 1?, the presence of peptone, while it appears 
to increase the decomposition of glycogen and thus the actual amount 
of sugar formed, tends to prevent apparently the conversion of the 
lower reducing sugar into dextrose; hence in G the percentage of 
sugar before boiling with acid is less than in B> while after treat¬ 
ment with acid it is greater. 


Folloioing is a resume of the various results obtained with peptones . 


Liver 

taken. 

Experiment I.—Babbit’s liver. 

Treatment. Glycogen. 

Sugar. 

Total 

carbohvdrates. 

40 grams. 

With peptones and blood. 5*46 # 

2*915? 

11*08*# 

40 

Without 41 “ 6*21 

2*74 

10*75 


2 hours at 40° C. —0*75 

+Fl7 

+0^33 

Liver 

taken. 

Experiment II.—Rabbit’s liver. 

Treatment, Glyeogen. Sugar. 

Total 

carbohydrates 

40 grams. 

With peptones and blood. 7'46 % 

3*26 # 

14-15 % 

40 

Without “ “ 8-09 

2*75 

18-55 


2 hours at 40° C. 


-0*63 +0*51 


+0*60 
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Liver 

taken. 

Experiment III. — Rabbit’s liver. 

Total 

Treatment. 

Glycogen. Sugar 

caiholudratet*. 

25 grams. 

With peptones and blood. 

1*65 £ 

6*42 * 

25 

Without 

1*54 2*86 * 

5*84 


2 hours at 40° C. 

+ 0*11 

+o1Si 

Lrver 

taken. 

Experiment V.—Rabbit’s liver. 

Treatment. Glycogen. bngai. 

Total 

carbohydrates. 

50 grams. 

With peptones. 

8-51 % 4-89 % 

10*17 * 

50 

Without “ 

8-28 4-46 

9*87 


8 hours at 40° C. 

+ 0-28 -0-07 

+ 0*80 

After boiling the sugar with dilute H 8 SOt, 

4 89=5 82 £ Ratio 76-4:100. 

it 

it <t «£ 

4*46=5*75 

“ 78*1:100. 



+ 0*07 


Lher 

taken. 

Experiment VI.—Rabbit’s liver. 

Treatment. Glj cogen. Sugar. 

Total 

carbohydrates. 

40 grams. 

With peptones. 

6-46 t 8-49 H 

13*48 ft 

40 

Without “ 

5-84 4-23 

12*90 


24 hours at 18-20° C. 

-MHE —¥74 

+ 0*58 

Liver 

taken. 

Experiment IX. — 

Cat’s liver. 

Total 

caibohydrates. 

Treatment. 

Glycogen. Sugar. 

50 grams. 

With peptones and blood. 

0 1*74 * 

2-18 % 

50 

Without 

0 1*67 

1-89 


2£ hours at 40° C. 

+^07 

+0-24 

After boiling the sugar with dilute H a SOi 

, 1*74=1*77 * Ratio 98*8:100. 

tc 

it Cfc <• << 

1-67=1-79 

“ 93*6:100. 



-0-02 


li 

P" 

Experiment X.—Cat’s liver. 

Total 

carbohydrates. 

Treatment. 

Glycogen. Sugar. 

40 grams. 

With peptones and blood. 

0 

2*72 * 

40 

Without “ 4< 

0 

2*20 


2 hours at 40° C. 


+ 0*52 


Ratio before and after boiling with dilute H.S0 4 ,70*6:100, with peptones. 

“ “ “ “ 75*4:100, without peptones. 


Liver 

taken. 

50 grams. 
50 


Experiment XL—Lamb’s liver. 


Treatment. 

Glycogen. 

Sugar. 

Total 

carbohydrates. 

With peptones. 

0 

2*52* 

2-41 * 

Without 4< 

0 

2*51 

2-46 


4 hours at 40° C. 


+0*01 —0*05 


After boiling the sugar with dilute H a S0 4 , 

U tc ct u 


2*52=2*57* 

3*51=2*52 
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Exptrhnent XII — 

-Sheep’s lix T er. 


Lrver 



Total 

taken 

Tu ltment 

GUcojren 

‘-iiaai 

cubolndiato. 

50 grams. 

With peptones. 

0 

1*10 

1*53 n 

50 

Without ** 

0 

0 84 

0-96 


1± hours at 40" C. 


. 0*26 

+ 0*57 


Experiment XIII.- 

--Calf’s liver. 


Liver 



Total 

tafren. 

Tieatraent 

GHj co^eii, 

Sutrai. 

caibohydiates. 

50 grams. 

With peptones. 

0 

2*89 fr 

2*86 £ 

50 

Without “ 

0*22 0 

2*52 

2*87 


lfc hours at 40 r C. and 

— 

— 

— 


16 hours at 20° C. 

-0*22 

-0*13 

-0*01 

After boiling the sugar with dilute H 2 SO i, 2*89= 

=8-710 Ratio 88-8:100. 

Co 

it »l. tc 

2*52= 

:2*62 

" 96*4:100. 


-t-0’09 

These results show throughout no indications whatexer of a form¬ 
ation ot sugar from peptones; on the contrary the results are wholly 
in accord with the formation of liver sugar from the hepatic glyco 
gen. At the same time it is apparent in several cases, that the de¬ 
crease of glycogeu is somewhat in excess of the increase in sugar, 
which fact would agree with the view of Seegen and Kratschmer that 
the destroyed glycogen is consumed in some other manner them by con¬ 
version into sugar. But this is in the liver after death, from which we 
cannot assume like action during life. There is further, in the results 
obtained, strong evidence that the liver sugar, as found after death, 
is a mixture ot maltose and dextrose; the former presumably being 
converted into the latter by further ferment action. As to the total 
carbohydrates the results certainly accord in a general way with 
those obtained !>v Seegen. In nearly every case, the presence of pep¬ 
tone gi\es rise to an increase in total carbohydrates; the aveiage 
increase in 8 experiments is, however, but 0*52 per cent. This in¬ 
crease, though small, is certainly too large to be explained by the 
assumption of analytical errors, and the increase, moreover, is too con¬ 
stant to admit of such an explanation. Fnthermore, it is to be noticed 
in several instances, that in the presence oJ peptone the total carbo¬ 
hydrates found are greater than the sum of the boiled sugar and 
glycogen calculated as dextrose, while in the control they are practi¬ 
cally equal; a fact which certainly lends favor to the view that the 
apparent increase of total carbohydrates is a real increase, due in 
some manner to the presence of peptone. Opposed to this view, 
however, or rather to the view that the liver possesses the power of 
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changing peptone into carbohydrates is the fact that in our experi¬ 
ment^ the same increase of carbohydrates is to be noticed after 24 
hours’ contact with peptone as after a shorter time; in fact in our 
experiments, time appears to have no noticeable influence on the total 
carbohydrates whatever, unless the like results in Experiment XIII 
are taken as confirmation of Seegen’s statement that after a time the 
newly formed sugar is decomposed and thus the content of total car¬ 
bohydrates falls back to its original amount; but in this experiment 
there is no evidence that the total carbohydrates ever were larger in 
amouut. While our results therefore corroborate Seegen’s aud Krat- 
schmeris statements regarding an increase of carbohydrates in the 
presence of peptone, we cannot consider that the slight increase in 
question, far less than that recorded in their experiments, is suffi¬ 
ciently pronounced to decide conclusively upon such an important 
theory. Furthermore, the noticeable lack of increase in sugar in the 
presence of peptone, excepting such increase as is attended with de¬ 
crease in glycogen, is an additional reason for not attaching as much 
importance to the slight increase in total carbohydrates alone, as 
might otherwise be done. Consequently we must conclude that, in 
our opinion, the results obtained in these experiments do not warrant 
the adoption of this theory regarding the origin of the liver sugar, 
and that without further proof to the contrary we must still adhere 
to the formation of liver sugar from the hepatic glycogen. 



XIV.— Globulin and Globulose Bodies.* By W. Iyueine, Pro¬ 
fessor of Physiology in the University of Heidelberg, ami 
R,. H. Chittenden. 

The following investigation is a continuation of our previous 
work with the albumose bodies,f and constitutes the commencement 
of a study of the various primary cleavage products, formed by the 
action of pepsin from the better characterized and purer albumins. 
Our work in this direction was at first begun with the albuminous 
bodies occurring in blood serum, egg albumin, and in fibrin and 
from the results then obtained we were led to the conviction^ that an 
extension of the work to the single albumins was necessary, particu¬ 
larly to serum albumin, globulin and myosin. In the meantime, our 
first conjecture that hemialbumose might possibly be a mixture, had 
been established and led finally to the isolation of the albumose 
bodies of fibrin.§ At this stage of our work, fibrin was the only 
albuminous material employed because it was the simplest to prepare, 
was easily digestible, and hitherto had been mostly used in diges¬ 
tion experiments. These practical considerations, to which must be 
added the fact that fibrin albumose was later found as a commercial 
article, were joined with the advantage of being able to make use of, 
and at the same time extend, the discoveries in the chemistry of 
digestion which have for decades been made with this particular 
albuminous material. Other advantages for the use of fibrin in this 
connection cannot well be claimed, since its peculiar position be¬ 
tween the genuine and the coagulated albumins, its contamination 
with globulin aud the presence of nuclein-and other components of 
the white blood corpuscles tend to render it perhaps least fitted for 
use in an exact study of albumin cleavage; and since fibrin is of 
importance as a food stuff mainly in the form of the commercial so- 
called peptoue, there are many reasons for proceeding to the study 
of other digestible substances for further results. 


* This and the following article were originally published in the Zeitsclirift fur 
Biologie, Band xxil They are republished here to render the series complete in 
English. t See Amer. Chem. Jour., vol. vi, p, 3. 

i Zeitschnft fur Biologie, Band xix, p. 159. § Ibid., xx T p. II. 
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As we hope to show, however, the results gained in the study of 
the albumose bodies from fibrin are by no means to be considered as 
valueless, but on the other hand as quite advantageous in the treat¬ 
ment of the single albumins, particularly as an aid in the separation 
of the individual albumose bodies. Thus in our study of globulin, 
now to be described, we were able to use methods already tested. 

The new method of precipitating albumose bodies by ammo¬ 
nium sulphate, which has meanwhile been discovered and which is 
certainly particularly advantageous, has not been used in our 
study of the globnlose bodies, since these experiments were con¬ 
cluded before the introduction of that method. According to obser¬ 
vations made by Dr. Neumeister in the Physiological Institute at 
Heidelberg, ammonium sulphate appears particularly well adapted 
to the purification of deuteroalbumose, since after complete removal 
of protoalbumose by sodium chloride and acid, deuteroalbumose 
alone is precipitated by addition of the ammonium salt. As, how¬ 
ever, we had accomplished a separation of the different globulose 
bodieB in another manner, it seemed unnecessary to use, in addition, 
the new method. 

Globulin . 

From the list of albuminous bodies which occur in sufficient quan¬ 
tity, and which at the same time admit of isolation without too great 
difficulty we have chosen for our first study, globulin. The substance 
was prepared from the serum of ox blood by the method of Haminar- 
slen, in which repeated quantities of fresh serum were treated with 
an excess of crystallized magnesium sulphate at a temperature of 
30° C. The precipitate so obtained was collected on a filter, washed 
with a saturated solution of the salt, pressed, dissolved in water, and 
reprecipitated a second time by the addition of magnesium sulphate. 
The precipitate was then dissolved in water, a little thymol added, 
and the solution dialyzed in running water in order to remove the 
magnesium salt. The final solution was then concentrated at 40° C., 
after which the globulin was precipitated with alcohol, washed with 
alcohol and finally extracted with ether. The substance so prepared, 
and which still contained some magnesium sulphate, was employed 
in the digestion experiments. A portion o*f the preparation, dried 
at 110° CL in vacuo, gave by analysis the results contained in 
the following table. The methods of analysis were the same as 
those employed in our previous work.* 

* Compare Zeitsehrift fur Biologic, Band xx, p. 11, aad Amer. Chetn. Jour., vol 
vi, p. 3. 



Analysis of Globulin. 
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Digestion of Globulin . 

The preparation proved to be extremely difficult of digestion; this 
fact, however, enabled us to remove from the globulin the magnesium 
sulphate still remaining, since the large quantity of dilute hydro¬ 
chloric acid added with the small amount of pepsin, failed at first to 
dissolve any of the albuminous matter. The undigested residue was 
then finally treated with an artificial gastric juice much richer in 
pepsin. 250 grams of the powdered globulin were at first warmed 
with 5 litres of 0*2 per cent, hydrochloric acid for 24 hours, whereby 
the substance swelled up to double its former bulk, but only a trace 
was dissolved; barely enough for a filtered portion to give with 
nitric acid and heat a slight turbidity. By the addition of 200 c. c. 
of normal gastric juice* to the swollen inass and warming it at 
40° C. for 24 hours longer, the albuminous matter was not appreci¬ 
ably changed; a filtered portion, however, became turbid on neu¬ 
tralization and a small amount of albumose could be detected both 
with sodium chloride and with nitric acid. The entire mass of swollen 
globulin was then collected on a, cloth filter, washed thoroughly with 
0*2 per cent, hydrochloric acid and warmed again at 40° C. for six 
days with 4 litres of a particularly active gastric juice, contain¬ 
ing 0*4 per cent, hydrochloric acid and 0*45 per cent, of solid matter. 
By this last treatment, a large amount of globulin was dissolved. 
As the digestive mixture would not filter through cloth it had to be 
neutralized directly with sodium hydroxide, which gave an abundant 
neutralization precipitate of so-called parapeptone, easily collected, 
and from which the fluid filtered perfectly clear. In order to obtain 
more material for study, the neutralization precipitate, together with 
the unaltered globulin, was treated a second time with 3 litres of the 
same active gastric juice for several days, by which the amount of 
globulin was reduced more than half, as shown by repeated neutrali¬ 
zation. 

The two neutralized, digestive fluids obtained in this manner, were 
alike in all respects; noticeably so in the remarkable fact that when 
weakly alkaline, they became turbid at 53° C., which turbidity 
increased as the solutions were heated to boiling. Furthermore, 
when made faintly acid, heat produced in both solutions an abundant 
flocculent precipitate which had the properties of coagulated albu¬ 
min. This coagitlum from digested globulin was purified by succes¬ 
sive washings with boiling water, alcohol and ether. The following 
table shows the composition of the substance. 

* See JZeitschrifs fur Biologie, Band xix, p. 184. 



Analysis of the Coagulum from digested Globulin. 
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Qlohdose Bodies. 

After removal of the above mentioned coagulum, the solution re¬ 
mained perfectly clear at all temperatures up to 100° C., even when 
rendered more strongly acid and also on subsequent neutralization. 
On the addition of nitric acid, however, to the cold solution, a pre¬ 
cipitate was formed which disappeared on the application of heat, 
reappearing as the mixture became cool. 

Crystals of salt alone, produced a heavy precipitate in the solution, 
while salt and acetic acid gave a still further precipitate, and when 
these reagents failed to cause any further precipitation, nitric acid or 
metaphosphoric acid would still give a noticeable turbidity. 

In order to separate the globulose bodies from one another, the 
entire solution was concentrated on a water bath to the consistency 
of a thin syrup and then rubbed up in a mortar with salt in sub¬ 
stance (the fluid being perfectly neutral), complete saturation being 
insured by long standing with an excess of salt crystals. The pre¬ 
cipitate so formed being separated by filtration, the filtrate was par¬ 
tially precipitated by the cautious addition of 30 per cent, acetic acid 
saturated with salt, whereby a mixture of proto- and deutero- 
globulose was separated. After removal of this precipitate the 
filtrate was finally treated with more of the above acetic acid until 
nothing further was precipitated. 

The various precipitates were then subjected to strong pressure to 
remove as much of the salt-saturated fluid as possible, then dissolved 
in water and dialyzed for the complete removal of the salt and to 
separate heteroglobulose. 

Protoglobulose. 

This body, precipitable by sodium chloride alone, was purified by 
saturating the first dialyzed solution again with salt, then dialyzing 
a second time under repeated changes of reaction, by the alternate 
addition of acetic acid and sodium carbonate and finally by neutral 
reaction, until all chlorine was removed from the solution and the 
admixed heteroglobulose completely separated. The clear filtered 
fluid was then concentrated, after which the protoglobulose was pre¬ 
cipitated with alcohol, washed with alcohol and ether and so ob¬ 
tained as an almost white powder. The substance, so prepared, gave 
when rubbed up with cold water, a filtrate not quite clear and with a 
noticeably alkaline reaction. It differed from a solution of proto- 
albumose from fibrin in one respect, viz: that on boiling in the pres¬ 
ence of a small amount of sodium chloride it became quite turbid, 
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the turbidity, howe\er, disappearing completely the solution be¬ 
came cool, (the opposite of the albuniose reaction : compare Zeitschrift 
fur Biolo&ie, Band xx,p. 45), Wo think it may be assumed that this 
single delation from the reactions of fibrin-protoalbumose is not 
clue to the presence of impurities (heteroglobulose, etc }, because no 
heteroglobulose whatever separated from a portion of the sample, 
even after dialyzing a week longer. If the solution was made even 
very slightly acid or alkaline, the turbidity did not then occur on 
heating. Further, the small content of ash (0*4 per cent.), which con¬ 
sisted only of calcium sulphate with a trace of ferric oxide, testifies 
to the purity of the preparation and the completeness of the dialysis. 
The preparation was analyzed with the results shown in the accom¬ 
panying table. 

J Deuteroglobulose. 

This body is about as difficult to purify from the preceding one as 
deuteroalbumose from protoalbumose. We succeeded, howevei*, in 
separating it by rejecting the first portions of the precipitate pro¬ 
duced by acetic acid and sodium chloride and using only the last 
portions precipitated; or after the acetic acid failed to give 
any further precipitate, by using the small precipitate produced 
by the moderate addition of alcohol. This last precipitate naturally 
enclosed considerable sodium chloride, but the deuteroglobulose 
was obtained perfectly pure after removing the salt by dialysis, 
since the globulose solution, even when noticeably acid, gave 
no turbidity whatever on the addition of salt in substance. The 
quantity, however, was unfortunately too small for analysis. It suf¬ 
ficed only for determining the reactions, which agreed with those of 
the substance obtained by the later precipitation with acetic acid 
except in one particular, viz: that the latter preparation in a neutral 
or slightly alkaline solution showed an extremely slight turbidity on 
the addition of crystals of sodium chloride. All other reactions were 
identical and corresponded so completely with those of deutero- 
albumose that it is only necessary to call attention to the latter (see 
Zeitschrift fur Biologie, Band xx, pp. 26-28, or Amer. Chem. Jour., 
vol. vi, pp. 46-47) and to especially mention the non-precipitation of 
deuteroglobulose in a solution free from salt, by nitric aeid in any 
quantity and at any temperature. 

Since no heteroglobulose whatever separated from the solution of 
the last acetic acid precipitate during dialysis, even with repeated 
change of reaction, the substance was therefore prepared for analysis. 



Analysis of Protoglobulose. 
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simply by concentration of the solution freed from < hlorinc, pre¬ 
cipitation with alcohol and washing with ether. The a^h (1*17 per 
cent.) consisted only of calcium phosphate and a trace of sulphate. 

Heteroglobidose. 

This body was obtained from the gummy precipitate which sepa¬ 
rated, during dialysis, from the solution of the first precipitate 
thrown down from the neutralized digestive fluid by salt alone. 
The sticky mass was separated from the sides of the parchment 
tubes, dissolved in sodium chloride of from 3 to 5 per cent., repre¬ 
cipitated by saturation of the solution with salt, the precipitate again 
dissolved in dilute salt solution and the substance finally separated 
by long continued dialysis in running water. After thorough wash¬ 
ing with water, alcohol and ether it appeared as a light, white 
powder, not unlike heteroalbumose in general behavior and reac¬ 
tions. After each precipitation and treatment with dilute sodium 
chloride, heteroglobulose left a residue, whicli like dysalbumose was 
readily soluble only in dilute acids. From the following analysis 
it is to be seen that the preparation, in spite of its long continued 
and repeated dialysis, contained 2*03 per cent, of ash, which con¬ 
sisted mainly of calcium carbonate with a small amount of phos¬ 
phate and sulphate. 

The composition of the three globulose bodies shows the same 
slight differences as noticed in the case of the various albumose 
bodies (from fibrin). Unlike the latter, however, the content of car¬ 
bon in the globulose bodies never falls below 51 per cent., and fur¬ 
thermore it is always higher than that of the globulin from which the 
globulose was derived. The percentage of nitrogen, which in the 
albumose bodies was found a little higher than in fibrin, exceeds that 
of the globulin more yet, in some cases by more than 1 per cent., 
and the same holds true of the percentage of sulphur. In contrast 
to the albnmose bodies, the percentage composition of the globulose 
bodies gives no grounds whatever for the assumption that they arise 
irom the digested globulin by simple hydration. It must not be for¬ 
gotten, however, that the digestion of globulin by gastric juice is a 
process quite different from tbat of fibrin digestion and one hitherto 
much less clearly understood, since besides the globulose bodies 
there is formed a large quantity of a substance which is separated by 
boiling and which resembles ordinary coagulated albumin. Some¬ 
thing similar, indeed, has been known ever rince Brtlcke’s study of 
fibrin digestion, but it has long been accepted that the coagulum 
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obtained by Briieke on boiling the neutralized digestive fluid, arose 
from the globulin present in the fibrin employed, which had not been 
previously washed with salt water. Globulin, moreover, yields this 
body in much greater quantity, even after several days’ exposure to 
the action of an energetic gastric juice and it was still found abund¬ 
antly among the products of a second digestion of the first neutral¬ 
ization precipitate. 

Comparison of the Analyses. 
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In this review of the composition of globulin and of the products 
of its digestion we have included also an analysis of fibrin, of a 
fibrin-albnmose and of hemialbumose from the urine of a person 
with osteomalachia. 

We call attention again to the latter because its surprising corre¬ 
spondence, especially to heteroglobulose, appears to confirm the be¬ 
lief, expressed in our former paper that the difference in the albumose 
from urine and that from fibrin depends on the formation of the 
former from an albuminous body, whose digestion, at least as regards 
the formation of albumose bodies, was then unknown, and for which 
we had already turned to globulin. 

In order to gain further information concerning the cleavage of 
globulin in the process of digestion, the remaining material was used 
in the following experiments. 

1. Heteroglobulose dissolved in 0*3 per cent, sodium carbonate 
and warmed at 40° C. for fourteen days with pure trypsin (with the 
addition of thymol, as usual) remained perfectly clear, even after 
neutralization, and failed to yield afterwards any body resembling 
antialbumid. Among the products of the digestion, there was found 
in addition to an abundance of antipeptone, only a trace of leucin, no 
tyrosin whatever, while with bromine water the alcoholic extract, 


* Compare Zeitsehrift fnr Biologic, Band xix, p. 202. f Ibid,, Band xx, p. 40. 
% According to Hammarsten. 



Kilhne and Chittenden—Globulin and GlobaJo.se Bod it k 219 

which had been dissolved in water after driving off the alcohol, 
became simply a little darker, but not rose-colored or violet. Hence 
heteroglobulose is to be considered as belonging to the anti group. 

2. Protoglobulose, which still contained some heteroglobulose, 
when treated in the same manner with trypsin, behaved similarly 
but afforded besides an abundance of leuoin, also some tyrosin and 
an extract which became deep violet on the addition of bromine 
water. Hence protoglobulose gives evidence of belonging to the 
hemi group. * 

Finally, we submitted to the digestive action of trypsin the third 
and fifth precipitates (so-called parapeptone) which were separated 
in continually decreasing quantities by neutralization, after renewed, 
energetic pepsin digestion of the original globulin. Both failed to 
yield any coagulum during their digestion with 0*3 per cent, sodium 
carbonate, and after the trypsin had acted for fourteen days, neu¬ 
tralization with acetic acid yielded a heavy precipitate, while consid¬ 
erable autipeptone was found in the solution. Although the diges¬ 
tion of the third neutralization precipitate still afforded a trace of 
leuoin and tyrosin without giving any reaction with bromine, no 
leucin, tyrosin or a substance colored by bromine water could be 
obtained from the precipitate separated after the fifth pepsin diges¬ 
tion. 

Hence globulin, like fibrin and other albuminous bodies, yields dur¬ 
ing pepsin digestion at the last only bodies of the anti group, which 
are peptonized, though slowly, by trypsin, but yield no further cleav¬ 
age products. 



XT. —Peptones. By W. Kuhne and R. H. Chihenden. 


Since there has been discovered in neutral ammonium sulphate a 
means for the complete precipitation of the albumose bodies, we 
have been induced to take up anew oui former investigations on the 
behavior and composition of* peptones, these latter bodies are 
not precipitated by the ammonium salt, we had expected to obtain 
peptones free from the primary cleavage products of albumin and 
tbei'eby advance another step in our knowledge of the definite prod¬ 
ucts of the proteolytic action both of pepsin and of trypsin. Re¬ 
newed investigation was demanded by the probability that hitherto 
pepsin-peptones entirely free from albumose have never been ob 
tained, for such peptones as are to be found in commerce or in the 
hands of the most careful investigator of gastric digestion can 
readily be shown to contain albumose by saturating a solution of 
the preparation with ammonium sulphate. There will result an 
abundant precipitate of albumose and a surprisingly small residue 
of non-preeipitated pep’ones or the entire absence of such a residue. 
Only antipeptone obtained by trypsin digestion will occasionally 
form an exception, and even then in most cases we cannot but doubt 
that the peptones so formed are wholly free from albumose. 

In order to be certain of the presence of peptones in a digestive 
fluid, it must be made slightly acid with acetic acid, rubbed 
up with ammonium sulphate till saturated and then filtered from 
the excess of salt and the albumose precipitate. If the filtrate 
is thereupon treated with a large excess of strong sodium hydrox¬ 
ide and then a few drops of very dilute cupric sulphate be added, 
the appearance of the rosy red color of the biuret reaction will 
indicate the presence of peptones. If peptones are absent the 
fluid will be pure blue without a tinge of violet, since the solution 
can contain no other albuminous body. Even after an apparently 
energetic pepsin digestion the latter result is not at all rare, and a 
heavy precipitate by the ammonium salt is so frequently seen, that it 
is still to be doubted whether there is a pepsin-acid digestion which 
causes the disappearance of all albumose. On the contrary, the albu¬ 
mose precipitate after a sufficiently long and energetic trypsin diges¬ 
tion is very slight and peptone is to be found abundantly iu the 
solution. 
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We Lave endeavored to prepare pure peptones in quantity irom 
the solution saturated with ammonium sulphate. For ihi* purpose 
the solution was first freed from the greater part of the salt hv con¬ 
centration and crystallization. During this process a small amount 
of a nitrogenous substance separated, perhaps albumose formed 
again from peptones when the solution was vigorously boiled and 
the temperature rose to 110° C. The mother liquor, after suitable 
dilution, was boiled with hot saturated baryta water until all ammonia 
was expelled, during w.iich operation the precaution was taken to 
use no excess of barium hydroxide and thus decompose the peptones. 

From time to time, therefore, portions were filtered, tested for 
sulphate, and when this became small in amount the last portions of 
sulphuric acid were removed by barium carbonate. From the fil¬ 
trate, which always contained much barium, the latter was entirely 
removed by dilute sulphuric acid, either immediately or after a pre¬ 
vious purification of the barium peptone compound. The peptones 
were then precipitated with alcohol and occasionally further purified 
with phosphotungstic acid. Naturally the large amount of ammo¬ 
nium sulphate to be removed formed a correspondingly troublesome 
quantity of barium sulphate, which could be bandied only in large 
filtering bags, and occasioned a large loss of peptone in spite of a 
most careful washing of the precipitate with boiling water and the 
application of pressure. On evaporating the peptone solution, which 
contained but little salt, no resinous precipitate resembling albumose 
was to be seen. 

1 . Amphopeptone. 

We have designated as amphopeptone the end product of the 
digestion of albumin by pepsin and acid. The first attempt to obtain 
this peptone free from albumose and in a quantity in some degree 
proportionate to our wants, showed us that there was needed not 
only the most active digestive fluid possible and long exposure to a 
temperature of 40° C. but also a very large amount of pepsin. Such 
a quantity of the ferment could be procured, however, only by first 
dissolving considerable quantities of the mucous membrane of the 
stomach in acid; quantities which must he taken into consideration, 
in addition to the fibrin to he digested, since something is formed in 
the sclt-digestiou of the mucous membrane which necessarily remains 
mixed with the peptone. It is known that mistakes have already 
been committed by not distinguishing the products arising from 
the material of the mucous membrane, from those derived from the 
digested substance. For example, Hoppe-Seyler’s erroneous asser- 
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tion that pepsin digestions yield leucin and tyrosin, rests wholly 
upon this circumstance, for since the digestion of the mucous mem¬ 
brane always commences with the disappearance of a mucilaginous 
substance, the derivatives of the latter must necessarily he expected 
in the resultant solution. Probably for this reason, artificial gastric 
juice which has been prepared from mucous membrane and is no 
longer mucilaginous, gives a precipitate when treated with alcohol 
which differs much from the precipitates of albumose and peptone in 
being almost as elastic as rubber and, as a rule, forming when shaken, 
a single ball in which the pepsin is theu ordinarily inclosed. We 
have not yet examined this substance closely, since in the course of 
the investigations to be described, another more suitable method for 
precipitating and isolating the ferment has been discovered. We 
shall desigriate this elastic body for convenience, mucin-peptone. 
This mucin-peptone might possibly conceal the whole amount of pep¬ 
tone expected from the digested fibrin, or remain mixed with the 
latter in considerable quantity. In spite of this objection, which we 
at no time lost sight of, we prepared a quantity of fibrin-peptone 
without attempting to remove or to prevent the mixture in question. 
The observations made by Dr. Pollitzer* in the Physiological Insti¬ 
tute at Heidelberg, on the influence of pepsin-peptone free from albu¬ 
mose on coagulation of the blood, were performed with such ampho- 
peptone, which is not perfectly pure. 

Supported by the following analyses of this peptone in our pre¬ 
sumption that it was rendered impure by mucin-peptone, we sought a 
process that would exclude this impurity. This was found almost of 
itself after we had noticed that ammonium sulphate invariably 
precipitated from the acid solutions, in addition to albumose, the 
entire quantity of active pepsin. While, therefore, nothing capable 
of digestion with acids could in any way be obtained from the fil¬ 
trates, an exceedingly active juice was formed by dissolving the pre¬ 
cipitate in dilute hydrochloric acid. Hereafter, we accordingly pre¬ 
pared the strong pepsin solution, by simply precipitating large quan¬ 
tities of very concentrated gastric juice containing 0*5 per cent, 
hydrochloric acid with ammonium sulphate and dissolving the resin¬ 
ous precipitate, which did not contain an objectionable quantity 
of albumose bodies, in fresh dilute acid. By this means the 
mucin-peptone was gotten rid of, since it could not be precipitated 
by ammonium sulphate and thus a new method was found for prepar¬ 
ing and isolating pepsin, which we shall enter upon at another time. 


* Yerhandl. d. Katurhist med. Verein zu Heidelberg, U. F. Ill, p. 293. 
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1. Amphopcptone prepared iritft ordinary gastric juice. 

Gastric juice, prepared from 145 grams of isolated mucous mem¬ 
brane from the fundus of pigs’ stomachs by two days self-digestion 
in two litres of 0*4 per cent, hydrochloric acid, was added to 585 
grams of well washed and boiled fibrin, previously swollen in four 
litres of acid of the same strength and the whole warmed for two 
clays more at 40° C. The thin fluid-like mixture so obtained, was 
neutralized with sodium hydroxide and then filtered from the undis¬ 
solved residue of the mucous membranes (nuclei of the gland cells) 
and the slight neutralization precipitate. After being made slightly 
acid with acetic acid, the fluid was heated to boiling, evaporated to 
two litres, then saturated with neutral ammonium sulphate, separated 
from the slight eoagulnm and precipitated albumose, again concen¬ 
trated to one litre and freed from a large portion of the ammonium 
sulphate by crystallization at 0° C. In order to still further separate 
the salt, the solution was treated with one litre of absolute alcohol, 
again placed in the cold, and finally strained through linen to remove 
the fine powdery salt, which was wholly free from precipitated pep¬ 
tone. After having been freed from alcohol, by vigorous boiling and 
concentration to the consistency of syrup and from much salt by 
crystallization, the thick fluid was filtered by suction, boiled after 
much dilution with a large amount of barium carbonate until the 
odor of ammonia had vanished. From the solution, separated from 
the barium sulphate and again much concentrated, alcohol precipi¬ 
tated the peptone as a barium compound which could be freed from 
salts (especially sodium chloride) by repeated precipitation and boil¬ 
ing with alcohol. Finally the barium-peptone was decomposed as 
much as possible with dilute sulphuric acid. As was seen later from 
the concentrated peptone solution, there remained dissolved a trace 
of sulphuric acid, but only enough to make the fluid assume a blight 
opalescence after boiling with barium chloride and hydrochloric acid. 
Au attempt was made to purify the isolated peptone by evaporating, 
precipitating with alcohol, dissolving in water and reprecipitating 
with alcohol. This did not succeed well, as shown later by the high 
percentage of ash. By drying first on a water bath, then in an air 
bath at 105° C. with frequent stirring, which destroyed the firm 
resinous surface, the peptone gradually became solid, and changed 
to a puffed up mass. The resulting product could be ground,‘when 
cold, to a light, very hygroscopic powder and weighed in this condi¬ 
tion 25 grams. 
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Tn an attempt to dry the substance for analysis, during which the 
temperature was allowed to rise to 110° C. it was found impossible 
to obtain a constant weight, perhaps on account of decomposition 
setting in, as suggested by an unpleasant odor which had begun to 
develop while on the water bath. Portions of 8-10 grams lost daily 
0*03-0*04 gram. The analyses were accordingly made only after 
drying many days. Portions purified with alcohol, dissolved in 
boiling water with addition of hydrochloric acid, gave no reaction to 
be distinguished when heated with barium chloride. 

Carbon, hydrogen and nitrogen were determined as before, the 
sulphur by a method already used by us to some extent, 1 * viz: by 
fusion with potassium hydroxide and potassium nitrate according to 
the method distinguished by Hammarsten as t«.f 

The results of the analysis (Amphopeptone A), shown by the 
following table, were hardly satisfactory and the low percentage of 
carbon, particularly, was quite a surprise to us, hence we proceeded 
at once to the previously mentioned preparation of a peptone, which 
would probably be rendered less impure by derivatives of the 
mucous membrane and which would, moreover, be easier to purify 
further. 


2. Amphopeptone prepared with purified pepsin. 

Preparation of the pepsin .—1220 grams of isolated mucous mem¬ 
brane from the fundus of ten pigs’ stomachs were warmed at 40° C. 
with seven litres of 0*5 per cent, hydrochloric acid for six days. The 
mixture was then saturated directly with ammonium sulphate, by 
which a resinous precipitate, with large, sticky lumps was formed, 
easily collected on a cloth filter. After pressing out the salt solu¬ 
tion as much as possible and washing with water, the gummy mass 
was dissolved in five litres of 0*4 percent, hydrochloric acid and 
warmed again at 40° C. for a few days. Then for the first time it 
was filtered through paper. As preliminary experiments had shown 
that gastric juice which contains small quantities of ammonium sul¬ 
phate molds easily, the second digestion and the following fibrin 
digestion were carried on in the presence of 0 25 per cent, of thymol, 
which wholly prevented the formation of mold. The mass sub¬ 
mitted for the second time to self-digestion, gave now with the ammo¬ 
nium salt a much smaller precipitate, which contained only a very 


* Compare our earlier papers. Zeitschrif t fur Biologie, vols. xix and xx. 
f Zeitschrift fOr physiol. Chem., vol. ix, p. 288. 
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small amount of albumose bodies, while a portion digested as a test 
for the third time, gave in the filtrate from the precipitate produced 
by the ammonium salt, so faint a biuret reaction for peptones that it 
was plainly evident, that the slight residue of albumins from the 
mucous membrane now remaining, could be overlooked without 
danger. 

Digestion of the fibrin. —3800 grams of washed hut not boiled 
fibrin were digested with the twice precipitated pepsin, which 
was dissolved in ten litres of 0*4 per cent, hydrochloric acid. To 
obtain as little albumose and as much peptone as possible, the mix¬ 
ture was allowed to remain at 37°-40° C. for two weeks. At the end 
of that time, filtered portions gave only slight precipitations by neu¬ 
tralization, but a heavy precipitate was obtained with ammonium 
sulphate, with sodium chloride, with sodium chloride and acetic acid, 
and still farther by sodium chloride and nitric acid or metaphos* 
pboric acid. Nevertheless the filtrate saturated with ammonium 
sulphate contained much peptone.* 

Preparation and purification of the peptone. —For this purpose the 
filtrate was neutralized with sodium hydroxide, filtered through 
linen, especially for removing the impurities of the fibrin, the filtrate 
slightly acidified with acetic acid, concentrated to about four litres, 
precipitated with an excess of ammonium sulphate, filtered and 
pressed, the solution boiled with barium hydroxide and finally with 
barium carbonate and a large quantity of water, until ammonia could 
no longer be detected. The barium sulphate was then removed by 
filtration through cloth bags which were repeatedly washed and 
pressed, the solution evaporated to about four litres, the barium- 
peptone decomposed with a very slight excess of sulphuric acid, the 
new precipitate of barium sulphate filtered oft’, the solution concen¬ 
trated to two litres, the tree acid neutralized with ammonia and after 
cooling, six per cent. English sulphuric acid (previously diluted) 
was added; then the sulphuric acid-peptone solution was precipitated 
with a large excess of phosphotungstic acid, the precipitate washed 
first with six per cent, sulphuric acid, then with a large quantity of 
water, after which the compound was decomposed with excess of 
barium hydroxide and the excess completely removed from the fil- 

* Later experiments have shown that pepsin acts much more energetically if the 
ammonium sulphate is completely removed by dialysis, before each new solution and 
digestion of the pepsin-containing precipitate in hydrochloric acid, and further, that 
nearly purr pepsin becomes wholly inactive by being warmed with dilute hydrochloric 
add iu the presence of even small quantities of ammonium sulphate 
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trate with sulphuric acid. The peptone solution thus obtained had a 
distinctly acid reaction, and strange to say, contained hydrochloric 
acid, which was hardly to be expected after the very careful washing 
which the precipitate had received. The solution was neutralized 
with ammonia to render the acid harmless on concentration. Then 
we succeeded in obtaining the evaporated residue free from ammo¬ 
nium chloride by repeated precipitation and boiling with alcohol. 

As already mentioned, the method gives rise to much loss and the 
same holds true of the otherwise excellent precipitation of peptone 
by phosphotungstie acid according to the method of Hofineister, for 
so far as our experience extends, peptones cannot be completely pre¬ 
cipitated in this manner. There arises in the filtrate, containing 
excess of phosphotungstie acid, not only additional turbidity and 
precipitation due to peptone, but considerable quantities of peptone 
are still found in the liquid, which has perhaps remained clear for 
months, if treated with barium hydroxide;—a circumstance which 
we were not able to prevent even by strongly acidifying the solu¬ 
tion to be precipitated with phosphotungstie acid, with either sul¬ 
phuric or hydrochloric acid. 

Behavior of the peptone .—This peptone was also difficult to con¬ 
vert into a dry state, although we did succeed ultimately in bringing 
it to a constant weight as a fine, exceedingly hygroscopic powder, 
by heating for some time at 105° G. in vacuo. The first difficulty 
was found in commencing the drying, for although we treated the 
glue-like mass repeatedly with absolute alcohol, then for a long time 
with ether and finally boiled it again with alcohol, thereby changing 
it into an almost dry, crumbling condition, we were compelled at last 
to stop its further direct drying, since at 100° C. the preparation 
took on the consistency of pitch and formed a bulky foam from which 
alcohol vapor continually escaped. Therefore the alcohol was first 
driven out by thorough boiling with water and the hitter removed as 
much as possible at 100° 0. This was also a tedious performance for, 
although the substance no longer foamed up so violently, it did not 
become dry until after many days of stirring and breaking the cover¬ 
ing which continually bubbled up. The same proceeding was re¬ 
peated, although in a less degree, on transferring the substance to 
the air bath at 105° C\, and only the single portions taken for analysis 
could be brought to a constant weight without puffing up further at 
105° C. 

While drying, the unpleasant odor noticed from araphopeptone A 
was also observed here, although only in a slight degree. 
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The peptone thus obtained appears (when dried at 105° C.) as a 
dry, light jellowish powder. It can be preseived in this lorn only 
when most tiahtly stoppered. In the air it soon forms large balls, 
becomes sticky like pitch and melts to a tough mass which does not 
become visibly thinner. What is truly surprising is the behavior of 
the peptone towaids water. .4 bit of the powder wet with a small 
drop of water hisses and straws 7the phosphoric anhydride when 
nmhtuied) and when this, or the powdered but not absolutely dry prepa¬ 
ration which no longer hisse*, is disjoined hi water, a development of 
heat is to be noticed. We have observed the same remarkable pecu¬ 
liarity in anti-peptone to be described later. 

Analysis of the preparation (Amphopeptone B) dried at 105° C. 
in vacuo, gave the results tabulated in the accompanying table. 

Amphopeptone ( b ). 

After these results were obtained, an attempt was made to reduce 
the ash content ol the preparation by repeated precipitation w ith 
alcohol, which succeeded so well that the substance when diied in 
vacuo over sulphuric acid, later at 106° 0 . until of constant weight, 
contained then 2*15 per cent, of ash instead of 3‘2 5 per cent. 

I. 0*5300 gram of this preparation gave 0*3400 gram Hp = 6*86 
per cent, H and 0 9566 gram C0 3 = 47*43 per cent. C. 

II. 0*7)21 gram of substance gave 98*4 c. c. N at 16*4° C. and 
765*5mm. pressure =. 16*49 per cent. N. 

III. 0*7839 gram substance gave 0*0169 gram ash = 2*15 per cent, of 
ash. 

Therefore in the ash-free substance (Amphopeptone b) there are— 
48*47# C, 7,02# H, 16*88# ST. 

II. Antipeptone . 

As with amphopeptone, we have formed in various digestion exper¬ 
iments several preparations of antipeptone by the action of trypsin. 
These preparations have been studied both after purification with 
alcohol and after further purification with phosphotungstic acid, but 
in every case after complete removal of the albumose bodies. We 
have not attempted to meet the objection that the antipeptone 
is not formed exclusively from the digested fibrin, but in part from 
the albumins of the pancreas. This would have necessitated experi¬ 
ments with pure trypsin, which seemed too costly to undertake. In¬ 
stead of this we have studied a peptone which we shall distinguish 



Amphopeptone (B). 
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as gland peptone, being derived exclusively from the self-digestion of 
the albuminous bodies of the gland substance, without any addition 
of fibrin or other albumin. 

How superior the action of trypsin is to that of pepsin, is soon not 
alone in the total decomposition of hemipeptone which is accom¬ 
plished only by the former, but also in the incomparably more rapid 
and perfect change of nlbumose to peptone. lienee the particu¬ 
larly troublesome and tedious treatment of anlipoptonc with ammo¬ 
nium sulphate may well seem superfluous when there is no albu- 
mose present. We must however be perfectly sure, by a pre¬ 
liminary test with that salt, that albumose is absent and its use is 
unavoidable where impure trypsin is employed in large quantities; 
that is, whore an infusion of the pancreatic gland or the so-called arti¬ 
ficial pancreatic juice is used. From the latter, ammonium sulphate 
precipitates a mixture which contains besides unaltered, highly active 
trypsin, whose isolation we propose later to study in this way, \ari- 
ous other bodies, such as albumose, whose .removal is necessary in 
the preparation of pure peptone. 

Antipeptone (C). 

Preparation of the pancreatic juice. —100 grams of dried ox pan¬ 
creas, purified with alcohol and ether, were warmed at 1-0° (1. with 
500 c. c. of 0*1 per cent, salicylic acid for 12 hours, and filtered 
through muslin. The residue was then mixed with 500 c. <s. of 0*25 
per cent, sodium carbonate, a little thymol added and the mixture 
again warmed at 40° C. for 12 hours. The acid solution, alter it had 
been neutralized, was brought to the same degree of alkalinity with 
sodium carbonate, a little thymol added and also wanned at40°O. 
for the same length of time. After filtering and pressing the residue 
of tissue, both filtrates were united. The weight of the undhsolved 
residue, dried at 100° O., amounted as usual to 12 grams. Thus the 
nuclei of the cells, the collagen and the portion of clast in undigested 
under these conditions, is equal to 12 percent, of tin* dry pancreas, 
freed from fat. 

Digestion of the fibrin ,—m) grams of dry fibrin, purified by wash, 
ing and boiling with water, then with alcohol and finally by extrac¬ 
tion with ether were softened with boiling water (when the weight 
amounted to 970 grams after squeezing with the hands), then 
warmed at 40° O. with 3 litres of 0*25 per cent, sodium carbonate 
containing 0*5 per cent, of thymol. To this was added the whole 
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infusion obtained from the 8s grams of self-digested pancreas, aftei 
which the mixture wax continued at to 1 C. foi si\ days. At the end 
of the first day nearly all ot the tibiin had disappeaied, although a 
considerable portion appeared to float on the surface of the fluid* 
When examined more closely, however, this residue proved (o be 
extremely lit*lit, hollow, easily crushed and with a somewhat greasy 
feeling. A similar residue, the amount ot which we did not deter¬ 
mine, remained at the end ot six days and consisted mainly of 
antialbumid with much tjrosin. 

Preparation of the antipeptone, —The solution resulting from the 
above digestion was made slightly acid with acetic acid, boiled, 
passed through a filtering bag, concentrated to 1 litre, and freed 
from a largo amount of leuein and tyrosin by crystallization and fil¬ 
tration. The resultant, brownish-looking syrup was heated with 
alcohol until peptones began to precipitate, and alter the latter bad 
been redisxohed by boiling the solution, it was placed aside for 
crystallization. The filtrate, which now contained only a small 
amount ol amido acids, was freed from alcohol by boiling, diluted 
with a saturated solution ol ammonium sulphate, which had also 
sened for washing out the mass of crystals on the filters, and then 
completely saturated with the ammonium salt in substance. After 
separating the slight precipitate so lormod, in which some leuein and 
tyrohin was detected, the greater portion of the ammonium salt was 
removed from the filtrate by repeated eoneontialion and crystalliza¬ 
tion, while the remainder was gotten rid of, as before, with barium 
hydroxide and lmthim carbonate. Since in this case, precipitation 
with phosphotungstic acid could not yet he employed, we attempted 
to purify the peptone as much as possible Irom other products of 
digestion (amido acids), fust, as a barium compound by repealed 
precipitation and boiling with alcohol, after which the barium-pep¬ 
tone was exactly decomposed with sulphuric acid and the free pep¬ 
tone purified in a similar manner by repeated precipitation ami extrac¬ 
tion with alcohol, once or twice in the presence of a little acetic acid. 
The peptone thus obtained, when dried at 105° 0, weighed 120 grams. 
Assuming that albuminous bodies by complete typsiu digestion, split 
up into 50 per cent, of products arising from the wholly decompos¬ 
able hemipeptonc and f>0 per cent, of anti peptone not further 
clmnged by typsiu, then the amount obtained—120 grams—agrees 
with this so far as it is possible, with the unavoidable losses which 
the treatment of large quantities in this manner implies. The 388 
grams of dry albumin (300 grams of fibrin and 88 grams of self- 
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digested material from the pancreas) would have had to yield 101 
grams of antipeptone if there were no loss. Tlu» loss, however, ol 
14 grains noticed in our experiment is sufficiently explained by the 
noticeable solubility of peptone in the water contained in alcohol, 
and by the conversion of a portion of the peptone into initial humid. 

j Behavior of the antipeptone ,—This peptone was still more difficult 
to dry than the amphopeptone formed by pepsin digestion, and it 
could only be accomplished after the removal of all alcohol by 
thorough boiling with water. As the solution became very concen¬ 
trated on the water-bath, hydrogen sulphide, as shown by reaction 
with lead acetate, was given off together with a strong odor of valeri¬ 
anic acid, which was also evolved quite noticeably at 105° 0. In 
order to obtain a constant weight it was necessary to dry the mass 
at 110° C. 

The analysis of the product is shown in the accompanying table. 

Antipeptone (D). 

The behavior of the preceding preparation while being dried, nat¬ 
urally suggested the suspicion that the substance was either decom¬ 
posable at 100° CL or less in the air, or else that it contained some 
decomposable admixture. We therefore attempted a further purifi¬ 
cation of antipeptone and at the same time a more cautious method 
of drying. 

For this purpose another preparation of antipeptone was made in 
the following manner. 

230 grams of commercial dry pancreas, somewhat less active than 
that employed in the preceding preparation, were wanned at 40° O. 
for three hours with 1200 c. c. of 0*1 percent, salicylic acid, after 
which the mixture was neutralised with sodium carbonate and to it 
was added directly 1020 grams of boiled, moist fibrin, 82 grams of 
dry sodium carbonate and 32 grams of thymol. This mixture was 
warmed at 40° O. for seven days, at the end of which time tin* residue 
of the pancreas, the antialbumid produced, and considerable sepa¬ 
rated tyrosin, formed a noticeable sediment, which was filtered off 
and pressed, after the residue had been thoroughly washed with 
water warmed at 40° C. The filtrate was made slightly acid, healed 
to boiling, and as this produced only a slight precipitate it was imme¬ 
diately concentrated to about three litres. On cooling, an abundant 
slate-colored precipitate separated, composed almost entirely of tyro¬ 
sin. After removing this by filtration, the solution was saturated 
with ammonium sulphate and the resultant filtrate treated hh in the 
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previous case; that is, a barium peptone compound was formed, puri¬ 
fied with alcohol and this exactly decomposed with sulphuric acid. 

In order to separate the free peptone, the solution was concentrated 
at a gentle heat with the addition of a little ammonia, precipitated 
and boiled with alcohol, the almost liquid precipitate dissolved in 
water, the solution acidified with acetic acid, concentrated again, pre¬ 
cipitated and extracted hot with alcohol, repeatedly washed and 
kneaded with ether, kept for a long time under ether and then slowly 
dissolved in as small an amount of cold water as possible. When 
filtered, a small residue of tyrosin appeared in the preparation. The 
new solution was concentrated at a gentle heat, precipitated again 
with alcohol, the peptone boiled and washed with alcohol, allowed 
to stand for some time with a large quantity of absolute alcohol, 
again treated with ether as before, and as it had now become friable, 
it was immediately dried in vacuo over sulphuric acid. On attempt¬ 
ing tod 17 it at 100 ° C. the melting mass foamed so much that it had to 
be dried in the air. When this had been done with frequent stirring 
on the water bath for several days, the mass was finally dried com¬ 
pletely in vacuo , first at 100 ° C., then at 105° C. A few weeks of 
this drying were needed to bring the substance to a constant weight, 
and in order to prepare the various quantities for analysis they had 
to remain in vacuo over sulphuric acid and at 105° C. for some time. 
Probably in consequence of the thorough treatment with ether, the 
preparation when warmed gave much less odor than the former one. 

Composition of Antipeptone (D). 

I. 0*5061 gram substance gave 0-2875 gram II,^0 = 6*31 per cent. 

H and 0*7937 gram OO a = 42*76 per cent. C. 

II. 0*4440 gram substance gave 0*2527 gram II a O = 0*31 per cent. 

H and 0*7024 gram CO a = 43*05 per cent. 0. 

III. 0*5010 gram substance gave 0*2870 gram II a O = 0*30 per cent. 

H and 0*7885 gram CO fl = 42*91 per cent. 0. 

IV. 0*4414 gram substance gave 56**0 c. c. N at 21 * 0 ° C. and 

759*2 mm. pressure = 14*91 per cent. N. 

V. 0*5870 gram substance gave 76*5 c. c. N at 21 * 6 ° C. and 

758*0 mm. pressure = 15*13 per cent. N*. 

VI. 0*6930 gram substance gave 0*0694 gram ash = 10*01 per cent. 

VII. 0*5017 gram substance gave 0*0504 gram ash= 10*04 per cent. 

VTII. The ash from 0*5017 gram substance gave 0*0325 gram BaS0 4 

=0*89 per cent. S calculated on the original substance. 
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On account of the large percentage of ash and the large amount 
of sulphates, the sulphur of the organic matter was not determined. 


Percentage composition of the ashfree substance. 


0.4*7-52 

H. *7*01 

N. 


4*7-83 47-6U 

*7*01 1 07 

1G-57 


Average. 

■it'68 

7-03 

16 80 16-68 


In order to obtain a still purer preparation and especially to free it 
from the large percentage of ash, a portion of antipeptone (D) was 
dissolved in boiling water after the first treatment with ether, then 
when cold the solution was acidified with sulphuric acid to such an 
extent that it contained 0 per cent, of acid and precipitated with a 
large excess of phosphotungstic acid. The precipitate, after the 
manner already described under amphopeptono (B), was washed thor¬ 
oughly with dilute sulphuric acid and then with water, finally de¬ 
composed with baryta, the barium-peptone precipitated with alcohol, 
washed, the alcohol driven off by heat, the aqueous solution of the 
compound exactly decomposed with sulphuric acid, the solution con¬ 
centrated after the addition of a few drops of ammonia, precipitated 
with alcohol, dissolved again in water, concentrated with the addi¬ 
tion of a little acetic acid, again precipitated with alcohol, and the 
product so obtained treated thoroughly with alcohol and ether in the 
same maimer as preparation D, and finally dried in the same maimer 
as that. The substance so prepared, was lighter colored than the 
preceding, not quite so hygroscopic, and in drying gave scarcely any 
odor. 

The analysis of the product is shown in the accompanying table. 

Antipeptone (F). ( Gland peptone.) 

This peptone was obtained as a bye product in a preparation of 
trypsin lrom 1,00") grams of dry pancreas and was formed wholly 
from the albuminous bodies of the gland substance, after extraction 
with alcohol and ethei. It is not probable that the peptone con¬ 
tained, in any considerable quantity, any products from the digestion 
of elastin, since the elastic tissue could have been but little altered 
under the conditions in which the self digestion ol the gland took 
place during the preparation of the infusion, and furthermore there 
would have b ‘eu needed lor solution in the latter, a finer subdivision 
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and long continued action. However this may he, the albumins of 
the pancreas naturally cannot he classified with the substances ordi¬ 
narily used in digestion experiments, such for example as fibrin, 
without further investigation, for although there may he substances 
in the gland cells like serum-albumin, globulin and myosin, there are 
also many bodies quite different from these, as, for example, the leu- 
coid precipitated by excess of acetic acid, zymogen and trypsinogen, 
all of which are decomposed by self-digestion and yield aiuido acids 
and peptones. So long as .trypsin digestions are not ordinarily con¬ 
ducted with pure trypsin, it is of especial interest to find out the 
composition of the gland peptones, which, as a lule, have invariably 
been mixed in greater or less quantity with the antipeptones hitherto 
investigated. 

Preparation .— 1,000 grams of dry pancreas were warmed at 40° C. 
for twelve hours with five litres of 0*1 per cent, salicylic acid and 
0*25 per cent, of thymol, filtered through muslin, the residue 
warmed another twelve hours with two litres of 0*25 per cent, 
sodium carbonate and 0*5 per cent, of thymol, again filtered and 
pressed, the two fluids united, brought up to an alkalinity of 0*25 
per cent, of sodium carbonate and then warmed at 40° C. for three 
days. 

After filtering through paper, the whole solution was slightly acidi¬ 
fied with acetic acid and then saturated with five kilos, of ammo¬ 
nium sulphate, by which means* there was precipitated a little albu- 
mose and all of the trypsin, the further treatment of which is of no 
interest here, while the gland peptone remained in solution. It is 
to bo noticed in the separation of this peptone that it was treated 
exactly like preparation (C), excepting that the second purification 
with ether could be omitted. The preparation, after drying for some 
time, left a small residue of tyrosin when dissolved in cold water. It 
was therefore precipitated from this solution with alcohol, then freed 
from alcohol by boiling with water, dried directly over a water-bath 
aud finally in vacuo at 100° C. until a constant weight was obtained. 

The analysis of the product is seen in the following table. 

Antipeptone (G). (Gland peptone.) 

This preparation was obtained from the preceding product by the 
following process; the solution of the peptone was acidified with 6 
per cent, of sulphuric acid, precipitated with a large excess of phos- 
photungstic acid, the precipitate carefully washed, then decomposed 
with barium hydroxide, the latter exactly removed with dilute sul- 
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phnric acid, the solution concentrated, the peptone precipitated and 
washed with alcohol and finally boiled with alcohol. The partially 
dry product was then dissolved in cold water, leaving a small amor¬ 
phous residue which gave no reaction for tyrosin. The solution 
was then concentrated on the water-bath and again precipitated 
with alcohol, after which it was dried finally, over sulphuric acid in 
vacuo and at 106° C. in vacuo, until ot constant weight. 

The following table shows the results of the analysis. 

Antipeptone (H). (Gland peptone.) 

This product was prepared and purified in exactly the same manner 
as the former one (G), but was made from another trypsin prepara¬ 
tion, in which a smaller amount of dry pancreas was used. When 
dissolved for the last time in cold water, some little insoluble matter 
remained (from which it was freed) which, however gave no reaction 
for ty rosin. 

The following table shows the results of the analysis. 

General properties oe the Peptones. 

We should have liked to study more accurately the physical be¬ 
havior of the different samples of peptones, especially their optical 
properties as determined by specific rotary power. It was easy to 
show that they were ail laevo-rotary, but we have not yet succeeded 
in making any quantitative determinations of sufficient accuracy to 
be of value. The decidedly brown color of the solutions prevented 
the use of a sufficiently long tube, or a solution of the proper concen¬ 
tration, necessary to determine specific rotation. 

It would be of still greater importance to investigate the rate of 
diffusion of peptones, it being more necessary from the fact, that pre¬ 
vious observations on the diffusion of the products of digestion can 
have but little reference to pure peptones, but rather to the albnmose 
bodies so long overlooked. We have, however, not as yet begun these 
investigations owing to lack of material. All of the peptones obtained 
by us in the dry state, showed considerable rise of temperature when 
moistened with, or dissolved in water. 

It is worthy of notice, physiologically, that according to observations 
made in the physiological Institute at Heidelberg, by Dr. Pollitzer 
of New York, no one of the peptones would hasten or retard coagu¬ 
lation of the blood, either when injected into the veins or added to the 
shed blood, such action being due wholly to certain of the albumose 
bodies. 



Antipeptone (G) (Glandpeptone) 


240 


Kill me and Chittenden — Peptones. 



31-67 

100-00 



241 



&> S 

g ^ ^ Oi »xa Oq 

(3 Q 

> *4 >s 


04 




O W fc 03 O 


Sot., 1886 . 




242 


Kilhne and Chittenden — Peptones. 


A few observations on the taste of peptones are of interest. While 
the genuine albumins ami the albumose bodies excite practically no 
sense of taste, the less so the purer they are, it appears as if peptones 
belong to the most offensively tasting bodies. In order to see what 
an important change the taste of an albuminous body undergoes on 
digestion, and at the same time what the taste of peptones is, warm 
50 c. c. of fresh milk to 40° C, and then add to it a small fragment of 
soluble trypsin (prepared from ox pancreas), which excites no taste of 
itself. The milk at first coagulates, then regains its former appearance 
by solution of the coagnlnm, but tastes no better than gall. Never¬ 
theless we believe that the especially objectionable taste proceeds not 
from peptones, but from certain compounds heretofore only acci¬ 
dentally separated from them. For, among our preparations, which 
as a whole tasted something like roast meat, as if burnt, but above all 
nauseatingly bitter and astringent even in a 2 per cent, solution, wc 
found one that in a 10 per cent, solution was free from this dis¬ 
agreeable peculiarity and had a pleasant, sweet taste like meat. 
It is to be noticed that this was the preparation of antipeptone (F) 
which had not been purified by phosphotungslic acid. Only by 
taking a large swallow was there noticed a not unpleasant taste, 
peculiar to certain cheeses after becoming alkaline. 

The most important property for the separation and treatment of 
peptones is for the present, the lack of precipitation by a great 
number of reagents, which precipitate more or less perfectly albumins 
and albumose bodies, especially sodium chloride, either alone, or with 
the addition of acid. We have repeatedly confirmed the observations 
made by Wenz that even sodium chloride and acetic acid, sodium 
chloride and nitric acid or metaphosphoiic acid do not completely 
.precipitate the albumose bodies. In whatever proportion these addi¬ 
tions may be made, there always remains at the end a solution which 
gives with alcohol a precipitate of salt, in which albumose is still to 
be found, or from which albumose may be separated by dialysing and 
concentrating, according to the method already used. The only per¬ 
fect precipitant of these substances is ammonium sulphate. It is how¬ 
ever an error to attribute to this salt the same action on peptones. 
Wherever peptones occur, they will always be found in the filtrate 
from a solution saturated with ammonium sulphate, and we must 
conclude from some opposed statements that in the experiments on 
which they are based, albumose bodies instead of peptones were pres¬ 
ent, since we are certain that by means of our new method, it can be 
generally shown what an unexpected difference exists between the ap- 
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parently vigorous action of a poorly prepared gastric juice, or com¬ 
mercial preparation of pepsin ami the action of solutions actually rich 
in pepsin. Even where the fibrin almost instantly disappears, the 
amount of ferment may still be quite insufficient to produce noticeable 
traces of peptones. Therefore care must be taken not to conclude 
immediately from a speedy solution, that digestion has been com¬ 
plete, since this is to be determined only by the disappearance of the 
primary cleavage products ol digestion, that is, the change ol albumose 
into peptones. 

It was especially interesting to ascertain whether peptones iso¬ 
lated according to the methods already described, were likewise pre¬ 
cipitated by ammonium sulphate or by other reagents that precipi¬ 
tate the albumose bodies, a question which was interesting cbnsidering 
the oft-asserted formation of albumin or albumose from peptones. 
To our surprise we noticed in the beginning that both antipep¬ 
tone and amphopeptone alter complete purification, under certain 
circumstances gave rise to a turbidity or even a resinous precipitate, 
not only with ammonium sulphate, but also when their solutions were 
saturated with salt or when treated with acetic acid, nitric acid 
or metaphosphoric acid, just as if albumose had been formed or the 
albumose not completely removed by the previous treatment. Even 
if these precipitates concerned only a small part of the material in 
solution, their appearance would need explanation. So far as we can 
now determine, the occasion of this behavior is a circumstance con¬ 
cerning which we do not care to decide whether it really depends on 
the formation of albumose from peptone or not It is to be ob¬ 
served that if the purification of the peptone by sulphuric acid is 
conducted incautiously, either on decomposing the barium-peptone or 
on acidifying before precipitation with phosphotungstic acid, the 
appearance afterward of albumose is avoided provided the solutions, 
when warm, are never exposed to an excess of acid. That a resinous 
precipitate .appears, while boiling the solution saturated with ammo¬ 
nium sulphate at 110° C. has already been mentioned, but this can¬ 
not cause any impurity of the peptone remaining in solution, any 
more than the well known precipitation of autiaibumid during trypsin 
digestion can occasion an impurity of the antipeptone. 

Since the fact is proved that peptones are not precipitated by am¬ 
monium sulphate, these bodies are then characterised more than ever 
by the property long attributed to them of being rendered turbid by 
very few reagents and completely precipitated by a still more lim¬ 
ited number. A list of the latter reagents includes only tannin 
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and mercuric iodide in potassium iodide, while imperfect precipitants 
of peptones are phosphotuugstic acid or phosphoraolybdic acid and 
picric acid. 

The following list shows the further action of various reagents. 

Reactions of Peptones free from cdbumose and purified by phos- 
photnngstic acid. 

In 5 per cent, solution, after being made noticeably alkaline with 
a trace of sodium carbonate. 



Fibi In antipeptone, ' 

Fibrin auiphopeptone 

Acetic acid and potassium 
ferrocyanide. 

At first peifectly clear, later trace 
oX opalescence. 

The same. 

Neutral lead acetate. 

First drop, 0; more, turbidity 

j 

The same, but much 
weaker. 

Basic lead acetate 

Turbidity immediately ; more, 
strong turbidity. 

The same, but weaker. 

Mercuric chloride. 

[First drop, 0 ; more, strong tur¬ 
bidity. 

Turbidity immediately, 
growing stronger. 

5 per cent cupric sulphate. 

At first clear; more, slight turbid¬ 
ity disappearing with great ex- 
t cess. 

Nothing. 

5 per cent platinum chloride. 

Only excess, strong turbidity. 

Nothing 

Ohiomic acid. 

Nothing. 

Nothing. 

Ferric chloride. 

A trace gives turbidity vanishing 
with the least excess! 

Nothing. 

Glacial acetic acid and cone, 
sulphuric acid. 

Brownish red. 

The same 

Nitric acid. 

:The color changing yellow m the 
cold. 

The same. 

Boiling with cone, hydro¬ 
chloric acid. 

The color becomes slightly darker 

The same 

Millon*s reaction. 

At first a heavy white precipitate; 
on warming, dirty yellow or 
reddish. 

The same, then boauti- 
Xul rod color. 


Without desiring to claim especial value in general for these reac¬ 
tions and for smaller differences between the two peptones, some of 
them, however, may be more closely examined. 

The slight intensification of color by boiling with concentrated 
hydrochloric acid is striking, for we have not ordinarily been able to 
obtain it, even with peptone in substance or even on the addition of 




Kiihne <tml Chittenden — Peptones. 


245 


concentrated sulphuric acid. Likewise, the reaction with sulphuric 
acid and glacial acetic must be described as almost unsuccessful* As 
this, however, is nothing other than Pettenkofer’s test for bile acids, 
for which its discoverer lias recommended concentrated acetic acid 
as a substitute for sugar, we have also tried the reaction with sugar, 
without however obtaining any better result, particularly not the 
beautiful violet-red which albumin and the albumose bodies give. 
Finally, the poor result of Millon’s reaction with antipeptone, in con¬ 
trast to the brilliant red obtained with amphopeptone, is also to be 
remarked. To this reaction we shall return later. 

It has already been observed by many investigators that among 
the products of the digestion of albumin, bodies are not infrequently 
met with, which give little or no lead sulphide on boiling witti sodium 
hydroxide and lead acetate. This is not at all strange, since the pep¬ 
tones prepared by us show on analysis less than one per cent, of sul- 
phui', in striking contrast to the albumins and albumose bodies, all of 
which contain much larger percentages. In the gland peptones 
(F, G, II,) the sulphur amounted to only 0-50, 0-31 and 0*57 per cent, 
respectively. The peculiarity of peptones in giving up a part of 
their sulphur when wanned with alkali, apparently stands in no direct 
connection with the percentage amount of sulphur. Indeed, solutions 
of the antipeptones G and H, of which the first possessed the lowest 
percentage of sulphur found, showed no browning with this test, 
and only a trace of it when solid particles of the peptone were heated 
with a concentrated solution of alkali containing lead. But the gland 
peptone (F) not purified by phosphotungstic acid and with only 0*15 
per cent, of sulphur became slightly darkened in solution. On the 
other hand, the purest amphopeptone (B) with 0 '11 percent, of sul¬ 
phur gave the reaction very faintly, while antipeptone O with 0-73 
per cent, ol sulphur gave it very plainly. Probably the reaction is 
not to be attributed to the peptones themselves, but proceeds from 
contamination with an easily decomposed substance containing sul¬ 
phur, whose removal still depends on chance. 

It may be assumed as completely proved that the rose or violet 
coloration, which the products of pancreatic digestion assume with 
bromine or chlorine water, is due to some special body and not to 
antipeptone. We had previously shown this to be the case with the 
antipeptone obtained by the action of trypsin Jfr om antialbumid, 
and have now also found in all antipeptones purified with phospho¬ 
tungstic acid, the absence of all color on addition of bromine water, 
either in large or small quantity. 
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Finally, not to overlook the most striking reaction of peptones, 
we mention further the brilliant so-called biuret reaction which is to 
be seen, if possible, still more intense in the purer peptones, what¬ 
ever their origin, than in those formerly used. 


Composition of the Peptones. 

For the sake of comparison we p»esent in the following table the 
percentage composition of the various samples of peptones, calculated 
on the ash-free substance. The ash found, consisting in every case 
of calcium, a little sodium, potassium, traces of barium and iron, car¬ 
bonic acid, phosphoric acid and sulphuric acid, is placed at the 
foot of the columns. 



Ampho- (; 

pepsin) peptone from i 
fibrin. 1 


A 

Lilli- tUypsln) peptone. 



A. 

1 B * 

b 

C. 

1 » 

1 K ' 

F. 

1 <- 

1 IL 


Contain¬ 
ing mucin- 
peptone 

I* rom purified pepsin 
and purified with 
phofcphotnngstic 
acid. 

Prepared fi om fibrin 

Purified JMjJ 
more with Wjthpnofc. 

| itht r pilot mu,H 

I tu ACUl 

< 

■Uamlpcptone. 

Puilflpd with 
pUoKpholnngntie 
at Id 

c 

44 53 

48-75 

OC 

A 

41 30 

47 68 

46 59 

44 16 

42 96 

44 41 

H 

! 

i 6*49 

i 

7*21 

7 02 

6 73 

7 03 

6 09 

7'17 

7-26 

7-15 

» 

16-73 

16 26 

16*86 

16*83 

j 16*08 

18*28 

17-06 

17*80 

17-94 

s 

0-12 

| 

0*77 

\ 

0*73 


0-67 j 

0 60 

0*31 

0 57 

o 

| 3153 

2101 

i 

28*41 


27 77 

30 82 

31*67 

29*87 

Ashj 

811 

3-22 

1 » 

2*15 

5*25 j 

1 

10*02 

3 07 

6 61 j 

1 93 

2 07 

- 


The nature of the substance, which at present affords but little 
proof that we have to deal with a simple body and not a mix¬ 
ture of chemical bodies, places the greatest restrictions on the* use of 
the above values, and only under such reserve is to be understood 
what is hereafter added. As regards the analysis of the single sub¬ 
stances, we are inclined to believe that only in amphopoptone B, is 
there a difference in the percentage of carbon greater than the ordi¬ 
nary differences naturally to be expected in amorphous materials so 
difficult to prepare. 

Amphopeptone A, with the lowest percentage of carbon, has 
already been described as a mixture of fibrin-peptone and mucin- 
peptone. If we have succeeded in removing the latter, by using 
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purified pepsin, then the figures obtained from B and b may be con¬ 
sidered as representing the first gastric peptone prepared free from 
albumose. The correspondence between the two, in spite of the fact 
that by continued purification of b we succeeded in reducing the ash 
by more than 1 per cent., we think may be considered as grounds for 
this assumption. In opposition therefore to the majority of pre¬ 
vious statements, including our own, which as now 7 easily understood 
referred to mixtures of albumose and peptones, there is to be noticed 
in pure amphopeptone about 1 per cent, lower content of carbon, 
about as much higher a percentage of nitrogen and 0*3-0*4 per cent, 
lower content of sulphur. 

With antipeptone, the variation from the previous results was 
less expected, for we are not inclined to believe that in our former 
long and thorough typsin digestions, any appreciable quantity of 
albumose remained and in the more recent ones, the precipitate pro¬ 
duced by ammonium sulphate was never abundant if the matter 
separated by boiling in a slightly acid solution was previously 
removed. The differences found, however, might he readily explained 
by the fact that the purification of’the peptone had this time been 
more complete, owing partly doubtless to the formation of the 
barium compound, and partly also to the precipitation with phospho- 
tungstic acid. The content of carbon is seen to be about 1 per cent, 
lower, the content of sulphur likewise lower and the percentage of 
nitrogen decidedly higher, in one case as much as 4 per cent, more 
than before. The real reason for this difference in composition 
appears to us to lie in the use of much larger quantities of trypsin, 
which formerly was only possible by using large quantities of the 
gland substance, so that the fibrin-antipeptone would naturally be 
obtained mixed with the gland peptone. It is well for the future 
that we know the composition of these gland peptones, for they 
differ essentially, in the lower content of carbon (in one case 42*96 
per cent.), from all other peptones hitherto investigated. These 
bodies might bo pronounced troublesome intruders with the same 
right as the muein-peptone arising from gastric digestion, although 
we found in it, aside from the percentage composition, no reaction 
and no property which would serve to distinguish it from the other 
peptones. 

After these considerations, little stress can be laid on the differences 

*» 

betweeu the composition of pepsin and trypsin peptones. We have 
found, however, another difference which we will examine more 
closely. 



248 


KiXhne and Chittenden — Peptones. 


Cleamge of the peptones,. 

As already mentioned, Millon’s reaction appears very brilliant with 
amphopeptone, but more or less imperfectly with antipeptone. As 
the reaction is sure only under certain circumstances we have not 
neglected to perform it in every possible way, either by using the 
same concentration of solutions of the two peptones under exactly 
the same conditions, or by trying the most successful variations of the 
experiment for antipeptone. Thus it was found that the preparations 
C, D, E,and F, treated in a suitable way, gave an appreciable reaction, 
but in no case so that more than a dirty, generally orange red pre¬ 
cipitate was obtained. On the contrary, all trials with gland pep¬ 
tone purified with phosphotungstic acid, failed to give more than a 
simple yellow color. Since Millon’s reaction for albumin corresponds 
with the so-called Hoffmann’s test for tyrosin, and since with albu¬ 
min it probably depends on the separation of tyrosin by boiling 
with the acid solution of murcuric nitrate, if not by the formation of 
further decomposition products of tyrosin (hydroparacumaric acids) 
which likewise redden with the test, it might be presumed that anti¬ 
peptone, in contrast to the amphopeptone of pepsin digestion, forms 
no tyrosin by cleavage. So far as the action of trypsin is concerned, 
this was already known, since the real difference between gastric and 
pancreatic peptones consists in the fact that only the former, when 
treated with trypsin, yield tyrosin together with leucin and other 
decomposition products—in our opinion because they contain hemi- 
peptone capable of further cleavage (together with antipeptone). 
It was also known to us, however, that antipeptone during cleavage 
with boiling sulphuric acid yields the amido acids, and among them 
also tyrosin. Renewed investigations on this subject appeared called 
for now, since we thought ourselves in possession of much purer pre¬ 
parations of antipeptone. 

First, we established the possibility of decomposing with trypsin, 
amphopeptone entirely free lrom albumose. A low hours’ digestion 
in a small test tube, of 1 gram of peptone in 10 c. c. of water, contain¬ 
ing 0*25 per cent, of sodium carbonate with a little thymol and a 
fragment of purified pepsin, sufficed for this purpose. By concen¬ 
trating the neutralized solution and boiling the residue with alcohol, 
a decided residue was obtained in which balls of leucin and bundles 
of tyrosin were to be seen under the microscope without further 
preparation. The residue was also colored a beautiful violet with 
bromine water. We also sacrificed a large quantity of ampho¬ 
peptone to the same experiment and obtained the tyrosin pure (free 
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from peptone) and tested it, both by Millon’s reaction and Piria’s 
test. Further, a few grams of the same preparation were heated for 
several days with six times its weight of sulphuric acid (2 : 3 water), 
and after removing the acid with barium hydroxide, tyrosin and 
leucin weie found among the decomposition products. 

Antipeptone was now likewise submitted to the above treatment. 
The method of conducting this experiment with albuminous bodies 
which we have used successfully, even with 2-3 grams of substance, 
is as follows. The substance is placed in a small, strong flask stand¬ 
ing on an asbestos plate, and five or six times the weight of sulphuric 
acid of the above mentioned strength is added and the mixture kept 
boiling as long as desired. The loss of water by evaporation is pre¬ 
vented by connecting to the neck of the flask a glass tube 1 metre 
long and 1 centimetre in diameter, so that the lower end cannot be 
closed by a drop of water. The upper end of the lube is drawn out 
to a capillary point and as it does not become warm at the top dur¬ 
ing the boiling of the fluid, all loss of water is prevented. 

To be as sure as possible, wo have treated the antipoptone in this 
manner for 48 hours. The contents of the flask were then much 
diluted with water, filtered from the sticky residue always present, 
made alkaline with a concentrated solution of barium hydroxide, the 
barium separated from the filtrate by sulphuric acid, after which the 
clear fluid was concentrated and allowed to crystallize. It is not 
advisable to remove the sulphuric acid with barium carbonate, since the 
latter is unavoidably used in excess, for it is very undesirable to have 
the barium precipitate unnecessarily increased in bulk, as the cleav¬ 
age products of albumin are difficult to remove even with hot water. 
Further, the mixure is made alkaline by barium carbonate and 
soluble barium compounds always appear, which must be removed 
by sulphuric acid in every case. 

In the strongly concentrated solution finally obtained, in case 
leucin and tyrosiu have really been formed, as with most albuminous 
bodies, their presence may be readily shown microscopically and 
after suitable separation of the mother liquor, or if necessary, after 
re-crystallization from dilute alcohol, their chemical reactions may 
likewise bo obtained. We have succeeded after this manner in showing 
the presence of leucin always in antipeptone; tyrosin, however, only in 
a few cases, and even then only after repeated crystallization. When¬ 
ever tyrosin occurred it was in exceedingly small quantities. From 
the antipeptones (gland peptones H and G) with which Millon’s test 
had hitherto failed, tyrosin could not be obtained at all, and that 

Trass. Conn, Acad., Yol. YU. 32 Nov., 1380. 
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tyrosin was really absent in tills case was shown by the final exam¬ 
ination of the whole united residues by Hoffman’s test, which was 
absolutely negative, while it appeared plainly with the products of 
the remaining antipeptones. 

Although we do not wish to consider the behavior of the gland 
peptones as a criterion for antipeptone in general, still this result, 
united with the small amount of tyrosin obtained from the latter, 
seemed to call for further investigations concerning the decomposi¬ 
tion of those primary cleavage products of albumin related to the 
antipeptones, especially antialbumid. We began this extension of 
our work because during our treatment of the subject an article of 
Maly’s* appeared, in which he described a very interesting cleavage 
and oxidation product, obtained by treating albumin with potassium 
permanganate, which product possesses the essential properties of the 
albumins, and yet on further decomposition docs not yield tyrosin. 
It is questionable, therefore, whether this property is not the one 
directly distinguishing the bodies of the anti-group from the pri¬ 
mary cleavage products of the albumins. 

A few preliminary experiments were made with samples of anti¬ 
albumid prepared by the action of boiling dilute sulphuric acid, both 
on fibrin and Thiry’s neutralization precipitate from egg-albumin, 
also with the antialbumid remaining from the digestion of fibrin 
with trypsin, and finally with a small neutralization precipitate 
of so-called parapeptone from an incomplete pepsin digestion of fibrin, 
which we regarded as antialbumose. After these experiments as a 
whole, had resulted contrary to our expectations, in that a moderate 
amount of tyrosin appeared after boiling the substance for a long 
time with sulphuric acid, we submitted to decomposition a prepara¬ 
tion from which we thought we could expect a decisive result. 
This preparation was au antialbumid from egg albumin, made in one of 
our former investigations as follows: White of egg freed from mem¬ 
brane, was coagulated by heat in an acid solution, the ooagulum fil¬ 
tered, thoroughly washed and then heated for a long time at 100° C, 
with dilute sulphuric acid, the residue filtered, washed thoroughly 
with water, dissolved in sodium carbonate, precipitated by neutraliz¬ 
ation, the precipitate dissolved in 0*2 per cent, hydrochloric acid and 
the antialbumid freed from all other other albuminous bodies by long 
continued digestion with pepsin. The autialbumid was then separated 
from the solution by neutralization, washed, dissolved in 0*5 per 

* Wiener Acad. Sitzungsber., xci, Abth. 5, February, 1885, 
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cent, sodium carbonate, warmed with trypsin at 40° C., and after the 
antialbumid had paitially sepaiated as a jelly-like mass, it was 
filtered and washed with water, finally with alcohol and ether. This 
pioduct could not possibly contain any known albumin, albumoso or 
peptone and undoubtedly formed the purest sample of antialbumid 
yet prepared. 

By decomposing this body with sulphuric acid, a residue was 
finally obtained which to our surprise gave but the slightest reaction 
for tyiosin with Millon’s and Hoffmann’s test, with Piiia’s test no 
reaction whatever, and in spite of endeavors continued for weeks not 
a single crystal of tyrosin could be detected. Leucin was found in 
veiy small quantity and in addition there were seen large lustious 
balls of crystals of some nitrogenous substance, too small in quantity 
to be identified. 


Heidell)ou», ) 
New Haven, j 
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XVI, —On the dehydration ov Gutoosb in the Stomach and 
Intestines. By ft. IT. Chittenden. 

In a series of interesting communications* st On the physiology of 
the carbohydrates in the animal system,” Dr. F. W, Pavy has 
brought forward evidence to show that glucose, generally considered 
as the final product of amylolytic action, can be converted within the 
animal body into a product of less cupric oxide-reducing power; 
that there exists particularly in the stomach and intestines of rabbits, 
a ferment which has a dehydrating action upon glucose or dextrose, 
transforming it into a body akin to maltose in reducing power. 

Hitherto, it has been generally supposed that the transformations 
which carbohydrates undergo in the animal system are iu the nature 
of gradual hydration changes, in which each step forward toward 
the final product is attended with the formation of bodies of in¬ 
creased cupric oxide-reducing power. Dr. Pavy’s results, however, 
would tend to show that transformations in the opposite direction do 
occur and this notably in the stomach and intestines of rabbits. 

Dr. Pavy’s conclusions concerning this dehydration of glucose in 
the animal system, are based upon changes in the cupric oxide-reduc¬ 
ing power of the carbohydrate, after contact with portions of the 
stomach and intestines for short periods of time at 48*8° C. Tt is a 
well known fact that the reducing power of pure glucose is not 
affected by boiling with dilute sulphuric acid, while under like treat¬ 
ment, maltose and similar bodies are readily converted into glucose 
or into a body of like cupric oxide-reducing power, 

Dr. Pavy finds, as the result of a large number of experiments, 
that a solution of glucose or grape sugar, by more contact with the 
stomach and intestines of, a rabbit at 48*8° C. is changed into a body 
of less cupric-oxide reducing power, and that by boiling with dilute 
sulphuric acid this product is carried back again into glucose. Thus, 
in one experiment, 0188 gram of glucose in contact with strips of 
stomach from a rabbit for one hour and a half at 48*8° C. showed, 
after removal of the dissolved albumin by boiling with sodium sul¬ 
phate, a reducing power calculated to the entire amount equivalent 
to only 0*080 gram of glucose; while after boiling with dilute sul- 


* 


* Chemical News, 1884, vol. xlix, pages 128, 140,155, 162,112 and 183, 
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pburio acid (the solution containing two per cent. IISOJ the cupric 
oxide-reducing power was increased to the equivalent of 0*134 gram 
of glucose, or nearly equal to the amount started with. 

It is to he noticed in the experiment just quoted, that the cupric 
oxide-reducing power, before and after treatment with sulphuric acid, 
stand to each other in the proportion of 58 : 100, or in about the rela¬ 
tion of maltose (01) to glucose (100). In some experiments, how¬ 
ever, the reducing power before boiling with dilute acid, was so low 
as to warrant the belief that dextrius were also foimed. This result 
is a type of many similar ones obtained by Pavy with the stomach 
and intestines from various animals and in no instance, in the case 
of rabbits at least, so far as reported, were negative results obtained. 

The discovery of such a dehydrating ferment, hitherto unsus¬ 
pected, appeared to be a matter of so much importance that experi¬ 
ments have been tried in this laboratory from time to time during 
the past two years, with the view of confirming in part at least some 
of Dr. Pavy’vS results. To our surprise, however, in no case, have 
we been able to obtain results corresponding to those of Pavy’s, 
although the animals experimented with (rabbits and cats) were 
taken in various stages of digestion. We therefore record here, 
some of the results simply in the hope that some light may be thrown 
upon the cause of this discrepancy ; or if, as may be, the ferment is 
not invariably present, some reason may be found for its constant 
absence in the tissues of the animals experimented with, and thus 
light be throwu upon the conditions which control its presence. 

The glucose used in the following experiments was a sample of 
crystallized anhydrous glucose presented to the laboratory by Dr. 
Arno Behr. The sugar was quite pure, as was ascertained by testing 
both its reducing power and specific rotary power, and more import¬ 
ant still, was not at all affected by boiling with dilute sulphuric acid. 
Thus 50 c. c. of a one per cent, solution of the glucose, mixed with 
sufficient 10 per cent, sulphuric acid to have the mixture contain two 
per cent, of was boiled for one and one-half hours, the flask 

being connected with an inverted Liebig’s condenser to prevent con¬ 
centration. The solution was then neutralized, diluted to 100 c. c. 
and tested with Folding’s solution according to the method of Allihu. 
25 c. c. yielded 0*2414 gram of metallic copper, corresponding to 
0T246 gram of glucose, whereas the 25 c. c. of solution should have 
contained 0*1250 gram of sugar. Evidently then, the reducing 
power of the sugar is not affected by treatment with dilute acid. 

First experiment —A rabbit in full digestiou was killed, the atom- 
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aoh emptied of its contents and then divided into two longitudinal 
halves along the curvatures. One-half, after being cleansed, was 
finely divided and placed in a small beaker with 10 o. c. of water con¬ 
taining 0-200 gram of glucose. An equivalent amount of the small 
intestiue, similarly cleaned and divided, was placed in a second beaker 
in contact with *70 c, c. of water containing 0*150 gram of glucose. 
In both cases the entire walls, including museularts and mucosa^ 
were taken, since Pavy has indicated that the converting principle is 
situated not on the surface of the mucous membrane, but in the deeper 
part. The two mixtures were then placed in a bath and warmed at 
48*8° C. for nearly two hours; after which they were boiled, crystals 
of sodium sulphate being added to aid the removal of the dissolved 
albumin. The individual filtrates and washings were concentrated 
and finally brought to a volume of 100 c. c. Of this, 25 c. c. were 
used to determine the cupric oxide-reducing power of the solution 
directly, while 50 c. c. of each solution were mixed with sufficient 
ten per cent, sulphuric acid to insure a content of two per cent, and 
then boiled for two hours, in connection with an inverted Liebig’s 
condenser to prevent concentration. The acid solutions were then 
neutralized, concentrated somewhat and finally brought hack to a 
volume of 50 c. c. Following are the analytical results obtained 
with the two solutions, the reducing power being determined by 
Allihn’s gravimetric method.* 

Stomach. 

a. Before treatment with sutphuiic acid. 

25 c. c. gave 0*0746 gram Cn=0*0381 gram dextrose x 4=0*1524 gram dextrose. 

b. After treatment with sulphuric acid. 

25 c. e. gave 0 0128 gram Cu=0*0372 gram dextrose x 1=0*1488 gram dextrose. 

iNTlflSTINE. 

a. Befme ti raiment with mlphuiic acid. 

25 o. o. gave 0 0512 gram Cu=0*02(>5 gram dextrose x 1=0-1000 gram doxtrowo, 

b. After treatment with sulphuric acid. 

25 c. c. gave 0*0520 gram Cu=0*0209 gram dextrose x 1=0-1076 gram doxtrose. 

Here, there is no evidence whatever that the glucose was affected 
by its two hours’ contact with the stomach and intestine of the rabbit 
at 48*8° CL, the temperature specified by Pavy as that best adapted 
for the reaction. Certainly the reducing power of the glucose solu¬ 
tion is essentially the same before and after treatment with sulphuric 

* Zeitschriffe fur Analytische Cheroie, 22. Jahrgang, p. 448 
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acid. Somewhat in accord with Pavy’s results, however, is the fact 
that while 200 milligrams of glucose wore introduced into the stom¬ 
ach mixture and 150 milligrams with the intestines, only 152*4 milli¬ 
grams were recovered from the former and 106 milligrams from the 
latter, although the residues after heating with sodium sulphate, were 
repeatedly and thoroughly washed with hot water. Assuming that 
this loss of sugar in the two cases is really duo to change of glucose 
into lower reducing bodies, the relative reducing power of the sugar 
before and after contact with the stomach and intestines would be 
100:76*2 and 100:70*6 respectively. But if there had been any 
such change in reducing power, the treatment with sulphuric acid 
would certainly have indicated it. 

Second experiment. —A rabbit in full digestion was "killed and half 
of the stomach and a portion of the small intestine were cleaned and 
finely divided. The stomach tissue was then heated at 48*8° C. for 
one and one-half hours, with 70 c. c. of water containing 0*200 gram 
of glucose and the portion of intestine for the same length of time, 
with a like amount of glucose. Treated then in the same manner as 
the preceding solutions, the following results were obtained: 

Stomach. 

a. Before treatment with bulphuric add. 

25 o e. gave 0 0001 gram Oil =0 0100 gram dextrose x 4= 0*1840 gram dextrose. 

b. After treatment with sulphuric acid. 

25 c c. gave 0 0882 gram Cu =0-0450 gram dextrose x 1=0*1800 gram dextrose. 

Intestine. 

a. Before treatment with sulphuric acid. 

25 c. o. gavo 0*0000 gram On =0*0553 gram dextroso x 4=0*1412 gram doxtrose. 

h. After treatment with sulphur its arid. 

25 t* c*. gave 0*0726 gram Cu =0*0573 gram dextrose x4=0 1484 gram dextrose. 

In this experiment, a larger amount of sugar was recovered in the 
case of the stomach tissue than in the preceding experiment, but in 
neither the stomach or intestine is there any evidence of change in 
the reducing power of # the sugar before and after treatment with sul¬ 
phuric acid. Iu this connection it is to be remembered, that the only 
ground for belief in the existence of a dehydrating ferment in the 
stomach is the change, noticed by Pavy, in the reducing power of 
the sugar under the above method of treatment. Our method of 
treatment with sulphuric acid, moreover, both as to the length of 
time the'mixtures were heated and the strength of acid employed, was 
in accord with the method used by Pavy. In addition, the same 
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method of treatment was applied to a known solution of malto*e with 
satisfactory results, viz : a rapid and complete change into dextrose 
as attested by the proper proportional increase in reducing power. 
Furthermore, we are led to infer from Pavy’s results that the action 
of the ferment is to l>e seen to the best advantage in the rabbit. 
Thus Pavy states/ that without having made any precise compara¬ 
tive observations, ‘I am under the impiession that the stomach and 
the intestine of the rabbit act more energetically than the stomach 
and intestine of the other animals I have tried. It also appears to 
me that the stomach acts more energetically than the intestine, and 
in some instances I have noticed that the effect produced, has stood 
in relation to the amount of ferment material used.” The Litter half 
of this statement would tend to indicate that the main reason for our 
not recovering all of the glucose is to bo found either in a lack of 
sufficient washing of the tissue residue at the end of the experiment, 
or else in a slight fermentation by which a portion ol the sugar 
might be decomposed ; for as is to be noticed in nearly all of the ex¬ 
periments recorded here, far less sugar is lost in the stomach than in 
the intestine, whereas if clue to change in reducing power from the 
action of a dehydrating ferment, the greatest loss, Pavy’s statement 
being correct, would be observed by contact with the stomach tissue. 
On the contrary, our lesults show greatest loss in the intestine, which 
if due to mechanical reasons would bo naturally explained, since the 
glairy mass of tissue, even after boiling, affords mechanical obstacles 
to a thorough extraction. That this is doubtless the true explana¬ 
tion, in part at least, is evidenced by the fact that a portion of the 
stomach or intestine, previously boiled with water to destroy its 
vitality, yields results after the same order as those already given, 
except that the amount of sugar recovered is greater, as would nat¬ 
urally be expected since the tissue being already coagulated would 
not enclose the sugar so completely. Thus, on warming one-hall of a 
rabbits’stomach, previously divided and boiled with water, with 0*200 
gram of glucose for two hours, there was recovered 0*1010 grata of 
the glucose; while from a portion of the small intestine, likewise 
boiled and treated with the same amount of glucose, there was recov¬ 
ered only 0*1840 gram of the sugar. Furthermore, fermentation of 
the sugar would naturally occur more quickly in the intestines than 
in the more compact stomach tissue. Be that as it may, the reduc¬ 
ing power of neither solution was affected by boiling with dilute sul¬ 
phuric acid. 


* Chemical Nows, vol xhx, p 141 . 
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Third experiment. —A rabbit in a condition of hunger was killed, 
the stomach divided longitudinally along the curvatures, and one-half 
after being cleaned and finely divided, was placed in contact with 
0*200 gram of glucose dissolved in 70 c. c. of water, and warmed at 
48*8° 0. for one and one-half hours. The mixture was then heated 
to boiling with the addition of some crystals of sodium sulphate, the 
tissue and coagulated albumin filtered off and the residue washed 
with about 300 c. c. of hot water. The fluid was concentrated, 
brought to a volume of 100 c. c. and then treated as in the preced¬ 
ing experiments. Following are the results obtained: 

Stomach. 

a. Before treatment with sulplmuc anil . 

25 c. c. gave 0*0834 gram Cu —0*0425 gram dextrose x 1=0 I 1 ?00 guun dextrose. 

b. AJhr treatment with snlphuiu and. 

25 c. c. gave 0*0798 gram Cu =0*0107 gram dextrose x 1=0 1028 giam dextrose. 

Here, as before, there is no evidence of any change in the charac¬ 
ter of the glucose; still in spite of the comparatively large volume 
of wash-fluid used, the sugar was not wholly recovered. 

Fourth experiment. —A cat killed in full digestion was employed 
in this experiment. One-half of the stomach, finely divided, was 
placed in contact with 0*200 gram of glucose in 15 c. c. of water. A 
portion of the small intestine was also treated with a like amount of 
sugar, in the same manner. Both were warmed for three hours at 
48*8° C., then treated by the same method as used in the preceding 
experiments. 

Stomach. 

a. Before treatment with sulphuric acid. 

25 <\ c. gave 0*0879 grnraOu =0*0449 gram dextrose x4=0 1796 gram dextrose. 

b. After treatment with sulphuric add. 

25 e. c gave 0*088G gram Cu = 0*0452 gram doxtrowe x 4=0*1808 gram dextroso. 

Intestine. 

a Before treatment with sulphuric acid 

25 c. c\ gave 0*0068 gram Cu =0*0342 gram dextroso x4=0*1308 gram dextroso. 

5. * After treatment with sulphuric acid, 

25 c. c. gave 0*0684 gram Cu =0*0350 gram dextroso x 4=0*1400 gram dextrose. 

Here again, there is no evidence whatever of any change in the 
reducing power of the sugar solution. 

Pavy has also pointed out that the stomach and intestine of the 
rabbit, as well as of other animals, have a transformative action on 
saccharose as well as on dextrose. The transformative energy how- 
Trans. Conn. Acad,. Yol. YTI. 33 Nov., 1886. 
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ever of the intestine, is much greater in this ease than that of the 
stomach; which, according to Pavy, accounts for the early discovery 
by Bernard of the well known action of the intestine on cane sugar. 
Bernard supposed dextrose to be formed, but Pavy shows that maltose 
or a body resembling maltose in reducing properties, is the usual 
product and that glucose or dextrose is formed only in the presence 
of considerable ferment. The ferment which produces this change, 
unlike the ferment which acts upon glucose, is situated on the surface 
of the mucous membrane and thus frequently the contents of the 
stomach are likewise found to possess transformative power. 

JFifth experiment .—A rabbit with stomach partially filled with 
food was killed, the stomach rinsed with water, then minutely divided 
and separated into two equal parts. One portion was placed in con¬ 
tact with 0*195 gram of glucose in 75 c. c. of water, while the other 
portion was mixed with a like amount of pure saccharose, also in 75 
c. c. of water. A portion of the small intestine was likewise finely 
divided and one portion placed in contact with 0*195 gram of glucose 
in 75 c. c. of water and the other portion with 0*200 gram of saccha¬ 
rose dissolved in 75 c. c. of water. All four mixtures were warmed at 
48*8° C. for two hours, then heated to boiling with the addition of 
sodium sulphate and finally each brought to a volume of 100 c. c. 
25 c. c. of the saccharose solution, which had been in contact with 
the stomach tissue, gave no reduction whatever with Fehling’s solu¬ 
tion. 25 c. c. of the saccharose-intestine solution, however, gave 
0*0726 gram Cu, equivalent to 0*0871 gram dextrose. 

With the glucose solutions, the following results were obtained: 

Stomach. 

a. Before treatment with sulphuric acid. 

25 e. c, gave 0*0006 gram Ou =0*0462 gram dextrose *4=0*1818 gram doxtroso. 

b. After treatment with sulphuric add. 

25 o. c. gave 0*0889 gram Ou =0*0451 gram doxtroso x 4=0-1810 gram dextrose. 

Intestine. 

§ a. Before treatment with sulphuric acid. 

25 c. o. gave 0*0112 gram Ou =0*0364 gram dextrose x 4 =0*1450 gram dextrose. 
b. After treatment with mlphwric add. 

25 c. c. gave 0*0689 gram Ou =0*0353 gram dextrose x 4=0-1412 gram dextrose. 

With glucose, the same results are to be observed here as in the 
preceding experiments; the only variations in reducing power, before 
and after treatment with sulphuric acid, being such as would come 
within the ordinary limits of error. In one single case, a transforma- 
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tion of saccharose was noticed when the sugar solution was warmed 
for two hours with n portion of stomach tissue from a rabbit killed 
in full digestion. The reduction with Folding's solution was quite 
strong. 

With glucose, however, many experiments have been tried in addi¬ 
tion to those given above, and invariably with the same negative 
insult. The conditions of the experiments, moreover, are in many 
cases identical with those of Pavy’s except in the method of deter¬ 
mining reducing power. There seems, therefore, to be no plausible 
explanation of the results obtained, other than that in the above 
experiments there was no dehydrating ferment present. Pavy states 
that the ferment in question, or rather “the active principle con¬ 
cerned in the transformation of glucose is susceptible of being de¬ 
stroyed by the agency of gastric digestion,” so that there is the pos¬ 
sibility of such destructive action having taken place in the stomach 
of the animals experimented with. It is further stated, however, 
that the converting principle is situated in the underlying portion of 
the mucous membrane, so that destruction could hardly be expected, 
except perhaps in the slow self-digestion occurring after death. Cer- , 
tainly, the carefully rinsed tissue could not have retained sufficient 
gastric juice to affect the results. Furthermore, such decomposition 
would apply only to the stomach mixture and not to the intestines, 
unless sufficient proteolytic ferment from the pancreatic juice should 
adhere to the walls of the intestines to exert destructive action; but 
in the last experiment given, it iR to be noticed that the saccharose 
ferment, which is presumably equally sensitive, showed vigorous 
action while the glucose was unaffected. 

It scorns strange, therefore, if such a dehydrating ferment is norm¬ 
ally present in the alimentary tract, that we have not been able to 
obtain some tangible evidence of its presence, either in the stomach 
or intestines. 

Since the above was wiitten, the writer has noticed that M. 
Og&ta,* experimenting with dogs, has also been unable to confirm 
Favy*s results, both in the dehydration of glucose and in tfie inver¬ 
sion of saccharose. 


#Soo Jahresbericlit fur Thiercheraie, xv, 275. 





XVII.— Influence of Uranium Salts on the Amylolytic 
Action of Saliva and the Proteolytic Action of Pepsin 
and Trypsin. By R. IT. Crittenden and M. T, Hutch¬ 
inson, Pii.B. 

Little is known regarding the physiological, or even toxical action 
of the uranium salts. In 1825, Gmelin* reported upon the results of 
some experiments on the toxic action of uranic nitrate, hut aside 
from the work (lone at that time, little is known regarding the action 
of uranium. It -is our purpose, therefore, to carry out in this Lab¬ 
oratory, as opportunity offers, a series of experiments on the physio¬ 
logical and toxical action of uranium salts, and we have commenced 
the work by endeavoring to ascertain the influence of the above salts 
on the amylolytic and proteolytic action of the ferments occurring in 
the digestive fluids of the body. In this connection we wish to ex¬ 
press our obligations to Professor II. Carrington Bolton, of Trinity 
College, for his kindness in supplying us with an abundance of 
chemically pure uranium compounds. 

1 . Influence on the amylolytic action ofmliva. 

The method employed in determining the extent of amylolytic 
action was much the same as that previously! used by one of us, 
except that the amounts of reducing substances formed under the 
different conditions of the experiments, were determined voluraetri- 
eally by Fehliug’s solution, instead of by Allihn’s gravimetric 
method. The experiments were made in series, in which one diges¬ 
tion of each series served as a control for comparison. 

The volume of each digestive mixture was 100 c. e. and contained 
1 gram of perfectly pure potato starch, previously boiled with a por¬ 
tion of the water, 10 e. e. of a diluted neutral saliva and a given per¬ 
centage of the uranium salt to be experimented with. The mixtures 
were then warmed at 40° C. for 30 minutes, at the end of which 
time, further ferment action was stopped by heating the solutions to 
boiling. The saliva employed in the experiments was human mixed 
saliva, freshly collected, Altered and made as neutral as possible with 
0*2 per cent, hydrochloric arid, then diluted with water in the pro- 

*Ediub. Med. Sur& (biz., xxvi., 186. 
f Studies from this Laboratory, vol. i, 1884-3, p, 2 and 53, 

Trans. (Jonn. Aoau m Vol. VII. 38a 


Nov., 1880. 
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portion of 1 : 5. Hence, each digestive mixture contained 2 c. c. of 
undiluted saliva. 

The amount of reducing substances, which for the sake of conven¬ 
ience are calculated as dextrose, were, as already mentioned, deter¬ 
mined volumetrically and from the data so obtained, the percentage 
of starch converted was likewise calculated. 


Uranyl nitrate. 

With this salt the following results were obtained : 

Relative 

Starch converted. amylolyfcic action 
37*21 per cent. 100*0 

36*74 98*7 

34*85 93.6 


Total amount 
reducing bodies. 

0*4135 gram. 

0*4083 
0*3873 

0*3698 83*28 89*4 

0*3612 82*50 87*3 

0*3131 28*17 75*5 

The inhibitory action of the uranyl salt is plainly manifest in 
these results. A second series of experiments, with still larger per¬ 
centages of uranyl nitrate, show the retarding action still more 
plainly. 

Total amount Relative 

UO a (NOs)a + 6H 8 0. reducing bodies. Starch converted. amylolytic action. 


CO,(NO,b + 6HA 
0 

0*0001 per cent. 
0*0003 
0*0005 
0*001 
0*003 


0*001 per cent. 
0*002 
0*008 
0*004 
0*005 
0*008 


0*4066 gram. 

0*4000 

0*8880 

0*3034 

0*2545 

0*1550 

trace. 


Starch converted. 

36*59 per cent. 100*0 

36*00 98*3 

34*92 95*4 

27*30 74*6 

22*90 62*5 

13*99 38*2 


The largest percentage of the salt ubed (0*008 per cent.), is seen to 
almost entirely prevent the action of the ferment, thus showing how 
extremely sensitive the salivary ferment is to the action of this salt. 
Comparing the two series of experiments, it is seen further, that a 
given percentage of the salt, say 0*001 per cent,, is much more active 
in one ease than in the other, indicating that the action of the salt is 
not constant. This is undoubtedly true to a limited extent. The 
action of a given percentage of the salt is constant only under like 
conditions . In the above series of experiments, the saliva is different 
in the two cases, and the real explanation of the difference in action 
is to be sought for in the amount of proteid matter contained in the 
saliva. Undoubtedly the retarding action of the uranium salt is 
cheeked, in part at least, like that of mercuric chloride,* by the 


* Studies from this Laboratory, 1884-86, p, 71. 
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proteid matter of the saliva. Uranium is a well-known precipitant of 
albuminous matter and hence the larger the amount of albumin and 
globulin contained in the saliva, the weaker the retarding action of 
the uranium salt. Previous experiments have shown that saliva 
varies somewhat from day to day in its content of proteid matter, as 
well as in the amount of ferment, and although the former difficulty 
is obviated as much as possible by diluting the saliva, still this point 
must be borne in mind in making comparisons of the different series 
of experiments. 

Uranyl acetate. 

This salt appeared somewhat more inhibitory in its action than the 
nitrate, due possibly to its greater acidity The two following series 
show the extent of action : 



Total amount 


Relative 

UO.(CjH Ash + H„0. 

reducing bodies. Starch converted. 

umylolytic action. 

0 

0*4049 gram. 

36*44 per cent. 

100*0 

0*001 per cent. 

0*2305 

20*74 

56*9 

0*002 

0*1698 

15*28 

41*9 

0*003 

trace. 



0 

0*4032 

86*28 

100*0 

0*0003 

0*4331 

38*97 

107*3 

0*0005 

0*3322 

29*89 

82*4 

0*0008 

0*8192 

28*89 

79*6 

0*0010 

0*2882 

25*93 

71*4 

The presence of 0*003 per cent, of the salt almost entirely stops the 

action of the ferment, while 0*0003 

per cent, decidedly increases 

amylolytie action. 

This latter influence is similar to that exerted by 

many other metallic salts in very small fractions of one per cent, and 
is doubtless to be attributed, in part, at least, to the stimulating 

action of the acid-proteids formed. 

or in part, as 

suggested by 

Duggan,* to a more complete neutralization ot the digestive fluid. 


Ammonia uranous sulphate. 


With this salt the following results 

were obtained: 



Total amount 


Relative 

80,4 KI a O. 

reducing bodies. Starch convoi tedt 

amylolytie action, 

0 

0*8384 gram. 

80*45 per cent. 

100*0 

0*0003 

0*3935 

35*41 

116*8 

0*0005 

0*8798 

34*18 

112*2 

0*0008 

0*3563 

30*40 

99-8 

0*001 

0*3550 

30*28 

99*4 

0-002 

0-2951 

26*55 

87*2 

0*003 

0*0805 

7*24 

28*7 


Amor. Chem Jour. vol. viii, p, 211, 
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Here there is to be seen both stimulating and inhibitory action, 
both quite pronounced; and further, the salt is perfectly neutral, so 
that such action as is exerted must be due to the salt itself. 


Soc/io uranic sulphate. 


This salt, which like the preceding was exactly neutral to test 

papers, shows both stimulating and retarding action, but in extent 

somewhat smaller thau that of the uranous salt. Following are the 

results obtained: 





Tot.il amount 


Relative 

UCbSOt + Na^Oi. 

reducing bodies. starch oouverlod 

amylolytic action. 

0 

0*4049 gram. 

86*44 per cent. 

100*0 

0*0003 per cent. 

0*4100 

36*90 

101*3 

0-0005 

0*4000 

36*00 

98*8 

0*0008 

0*4100 

36*90 

101*2 

0*001 

0*4117 

37*05 

101*7 

0*002 

0*2530 

22*77 

62*5 

0*003 

0*2000 

18*00 

49*4 

0*005 

trace. 




Potassio uranic 

oxychloride. 


UOtOlj f 2K01 

Total amount 


Relative 

+ 2H*jO. 

reducing bodies. Starch converted. 

amylolytic action. 

0 

0*4032 gram. 

36*36 per cent. 

100*0 

0*0005 per cent. 

0*3951 

35*55 

98*0 

0*0008 

0*4016 

36*14 

99*6 

0*001 

0*4088 

36*74 

101*3 

0*003 

0*1881 

16*93 

46*6 

0*003 

0*1078 

9*65 

26*6 

0*005 

trace 



This salt had an acid reaction and 

its retarding effects arc soon to 

be somewhat more 

pronounced than 

that of the two 

preceding ueu- 

iral salts. 





Ammonia uranic citrate. 


(U0 tt )s(0oil^0,) s 4* 

Total amount 


Rokilivo 

(NKO.O.H.Ot. 3 

reducing bodies Starch converted. 

amylolytic action 

0 

0*4135 gram. 

37*21 per cent. 

100*0 

0*0003 per cent. 

0*4298 

38*68 

103*9 

0*0005 

0*4016 

36*14 

97*1 

0-0008 

0*4049 

36*44 

97*9 

0*001 

0*3873 

34*85 

93*6 

0-002 

0*4016 

36*14 

97-1 

0*003 

0*3843 

33*86 

89-6 
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(tl , <).)i(0bH-iO 7 ) i + Total amount 
(NllO.OrUrO.. reducinR bodies. 

0 0*4117 gram. 

0*004 per cent. 0*2378 


0*005 0*2144 

0*006 0*2316 

0*007 0*1845 

0*008 0*1765 

0*010 trace 


.noli conveited. 

Relative 

amylolytic action. 

37*05 per cent. 

100*0 

21*40 

51*7 

10*20 

52*0 

21*39 

37*7 

16*60 

44*8 

15*88 

42*8 


The action of this salt is mainly a restraining one, but the action 
is pronounced only with the larger percentages. 

As to the way in which these uranium salts diminish the amylolytic 
action of the ferment, we cannot say definitely. What has previously* 
been written regarding the action of other metallic salts, under like 
conditions, is doubtless true here. Loss of amylolytic power is due 
in part, no doubt, to partial direct destruction of the ferment, as 
well as to change in the reaction of the fluid. Coupled with this 
destructive action, however, there must be in addition something in 
the mere presence of these salts, dependent on chemical constitution, 
that controls tlic action of the ferment. 

The following table shows the relative acceleration and retardation 
of the various salts, compared with their respective controls expressed 
as 100. 


2. Influence on the •proteolytic action of pepsin-hydrochloric acid. 

The influence of uranium salts on the proteolytic action of pepsin- 
hydrochloric acid, was determined by ascertaining the amount of 
■fibrin digested or dissolved in a given time, by a definite volume of 
a standard, artificial gastric juice, in the presence of varying amounts 
of the uranium salts. The gastric juice was made by dissolving 10 
c.c. of a glycerin extract of pepsin in one litre of 0*2 per cent, hydro¬ 
chloric acid. The volume of each digestive mixture was 50 c.c.; 
composed of 25 c.c. of the above mentioned artificial gastric juice 
and 25 c.c. of 0*2 per cent, hydrochloric acid, containing the neces¬ 
sary amount of uranium salt. The proteid material consisted of 
purified fibrin, coarsely powdered and dried at 100° C. One gram of 
fibrin was used in each experiment. The digestive mixtures were 
warmed at 40° C. for one hour and then the undissolved residue was 
collected on weighed filters and finally dried at 100-110° O. until of 
constant weight. The amount of fibrin dissolved is taken as a meas¬ 
ure of the proteolytic action. 


* See Studies from this Laboratory, vol. i, 1884—5, pp. 70-76. 

Trans. Conn. Aoad,, Von. VIT. 34 Nov., 1886 
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Following are the results obtained with the various salts: 


Ur an y l nitrate. 


tTO,(NO,). HJUjO. 1 

Undigested residue. 

Fibrin digested. 

.Relative 

proteolytic action. 

0 

0*1353 gram. 

80*47 per cent. 

100*0 

0*025 per cent. 

0*1365 

86*35 

99*8 

0*050 

0*1878 

86*22 

99*7 

0*100 

0*2397 

16*03 

87*9 

0*300 

0*5003 

49*97 

57*8 

1*000 

0*0038 

33*62 

88*8 

U0 2 (0 3 ll 3 0 2 ) a 
+ H§0. 

Uranyl acetate. 

Undigested residue. Fibrin digested. 

Relative 

proteolytic action. 

0 

0*1453 gram. 

85*47 per cent. 

100*0 

0*025 per cent. 

0*1581 

84*19 

98*5 

0*050 

0*1867 

81*33 

95*1 

0*100 

0*2052 

79*48 

92*9 

0*500 

0*7507 

24*93 

29*2 

1*000 

1*0050 

0 

0 


It is to be noticed here, that the retarding action of the acetate, as 
with saliva, is far greater than the nitrate, a fact which is doubtless 
dependent in this case on the nature of the acid united with the ura¬ 
nium. Further, it is to be noticed, that the action of nranyl sulphate 
falls about midway between the action of the nitrate and acetate. 
These facts accord with views previously* expressed, and show 
plainly that the extent of the retarding action of salts in general is 
dependent in part, on the liberation of the acid of the salt and the 
rfiyesfive power of the pepsiiwwtf formed. Experiments have shown 
that nitric acid of appropriate strength, united with pepsin, is about 
four-fifths as active as hydrochloric acid, while sulphuric acid is only 
a little more than one-fourth as active as hydrochloric of the same 
strength and that aeotic acid is practically inactive. Hence, the 
base being the same, acetates, citrates, and other salts, the acids of 
which are not capable of working with pepsin will most readily retard 
gastric digestion. This view being correct, uranyl nitrate, sulphate 
and acetate should retard gastric digestion in just such relative pro¬ 
portion as our experiments show they actually do. 

*See Studies from this Laboratory, 1884-85, p. 94-95, 
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Uranyl sulphate . 

• 




Relative 

UQgSOt+'llliO. Undigested residue. 

Fibrin digested. | 

irotnolytic actum. 

0 

0*1822 gram. 

81*68 per cent. 

100*0 

0*025 per cent. 

0*2545 

74*55 

91*3 

0*050 

0*2613 

73*27 

89*7 

0*100 

0*3155 

68*45 

83*8 

0*500 

0*6084 

39*16 

47*9 

1*000 

0*8225 

17*15 

21*7 


Ammonio nranous sulphate. 


uso l +(Nir 1 )iSo 1 



Rolative 

+11 jO. Undigested residue. 

Fibrin digested. 

proteolytic action. 

0 

0*1833 gram. 

81*67 per cent. 

100*0 

0*025 per cent. 

0 2859 

71*41 

87*4 

0*050 

0*3143 

68*57 

83*9 

0*100 

0*3742 

6*258 

70*6 

0*500 

0*9113 

8*87 

10*8 

1*000 

1*0070 

0 

0 

A comparison of the action of the two last salts, 

shows plainly 

that the ammonio 

uranous compound has a far greater inhibitory 

action than the simple uranyl sulphate. 



Ammonio uranic citrate . 


(XTOiWO.H.Ot)i 



Relative 

+ (NH OaCeHsOT. 

Undigested residue. 

Fibrin digested. 

proteolytic action. 

0 

0*1747 gram. 

82*53 per cent. 

100*0 

0*025 per cent. 

0*1795 

82*05 

99*4 

0*050 

0*2102 

78*98 

95*7 

0*100 

0*2180 

78*20 

94*7 

0*500 

0*9055 

9*45 

11*1 

1*000 

0 

0 

0 


So (Ho uranic 

sulphate . 


TOtf»4+Na,HOi 



Rolative 

+ 2UgO» 

Uudigested residue. 

Fibrin digested 

proteolytic action. 

0 

0*2624 gram. 

73*76 per cent. 

100*0 

0*025 per cent. 

0*2666 

13*34 

99*4 

0*050 

0*3688 

68*12 

85*5 

0*100 

0*4438 

55*62 

75*6 

0*500 

0*8131 

19*69 

26*7 

1*000 

0*9891 

1*09 

1*5 


In the two last series, the amraonio uranic citrate is noticeable for 
not causing a gradual diminution in the proteolytic action of the 
ferment; but on the contrary, it gives rise to a sudden and rapid fall¬ 
ing off in proteolytic action, when a certain percentage of the salt is 
added. The same thing is to be noticed in the case of the uranyl 
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acetate and the reason doubtless lies in the fact that the acid in these 
two salts is wholly incapable of forming an active compound with 
pepsin, and thus when a percentage of the salt is added sufficient to 
use up all of the hydrochloric acid of the gastric juice, digestive 
action comes to a full stop. 


UOsOla 4* 2KC1 
+ 2H«jO. 

Potassio uranic oxychloride. 

Relative 

Undigested residue. Fibrin digested. proteolytic action 

0 

0*8003 gram. 

69*37 per cent. 

100*0 

0*025 per cent. 

0*2472 

75*28 

108*0 

0*050 

0*2123 

78*77 

113*5 

0*100 

0*2532 

74*68 

107*6 

0*800 

0*2648 

73*52 

105*9 

0*500 

0*3578 

64*22 

92*5 


.With this salt, unlike any of the preceding, there is to be seen a 
direct stimulating action on the ferment. Only in the presence of 0*5 
per cent, of the salt is there any retarding effect produced. This 
naturally suggests that possibly uranium per se , at least in small 
fractions of a per cent., has really a stimulating effect on ferment 
action, but that owing to its combination with acids, in the forma¬ 
tion of salts, its apparent effects in the case of pepsin-hydrochloric 
acid are those due to combination of the normal acid of the gas¬ 
tric juice and liberation of the acid of the uranium salt. In this 
way only, can wc explain the noticeable difference in action of 
the oxychloride and the other uranium salts. Thus 0*5 per cent, of 
the former causes but slight diminution in proteolytic action, while 
with all the other salts, the same percentage causes on an average, a 
diminution in proteolytic action of at least 50 per cent. This would 
apply, of course, only to small percentages of uranium, for larger 
amounts of oxychloride would cause the formation of an indigestible 
uranhim-alburain compound. 

Here, however, as in the case of all the salts, the action of any 
given percentage is constant only under definite conditions. Dimin¬ 
ish the amount of ferment, for example, and the amount of dissolved 
proleid matter consequent thereto, and then the retarding action of 
the same percentage of uranium salt will be correspondingly in¬ 
creased. 

This is well illustrated in the following series of experiments with 
potassio uranic oxychloride. Using the same percentages of salt as 
employed in the preceding series, with the Rame strength of acid, 
but with onlv half the same content of pepsin extract, and thefol* 
lowing results were obtained; 
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Relative 

Uranium salt Undigested residue, Fibrin digested. proteolytic action 
0 0*1652 gram. 83*48 per cent. 100*0 

0*025 percent. 0*1982 80*18 96*0 

0-050 0*2192 78*08 93-5 

0*100 0*2569 74*31 89*2 

0-300 0*8486 65-14 78*0 

Increasing the percentages of the oxychloride still further, either 
with this strength of pepsin or the preceding, and there is seen a 
gradual diminution in the action of the ferment. Compared, how¬ 
ever, with the action of the preceding salts, retardation is seen to 
he quite slow; thus even 2*0 per cent, causes a diminution of pro¬ 
teolytic action amounting to only 50 per cent. 

The following table of comparisons shows the relative acceleration 
and retardation of the various salts compared with their respective 
controls expressed as 100. 


Table showing relative Proteolytic Action. 


Percentage of Balts. 

0*025 

0*05 

0*1 

0*3 

0*5 

1*0 

2.0 

Uranyl nitrate. 

99*8 

i 

99*7 

87*9 

.... 

57*8 

88-8 

.... 

Uranyl acetate. 

98*5 

95*1 

92*9 

.... 

29.2 ' 

0 

- 

Uranyl sulphate. 

91*3 

89-7 

83-8 

.... 

47-9 

2*17 


Ammonio uranous sulphate. 

87*4 

83*9 

76*6 


10*8 

0 

- 

Sodio uranic sulphate. 

99*4 

85*5 

75*6 


26*7 

1*5 


Ammonio uranic citrate . -. 

99*4 

95*7 

94*7 

.... 

11*4 

0 


Potassio uranic oxychlo- ^ t 

108*0 

113*5 

107*6 

10S-9 

92*5 


- 

ride. \ 2 

96*0 

93*5 

I 89 2; 

78-0 

81*0 

66*2 

49*4 


In retarding proteolytic action, the uranium salts act in pari by 
combining with the proteid matter to he digested, forming a uranium- 
albumin compound, which is indigestible. Further, in a solution at 
all concentrated, the uranium salt is liable to precipitate mechanic¬ 
ally a portion or all of the pepsin along with the albuminous matter. 
In addition to this, however, retardation is also due, as already ex¬ 
pressed, to liberation of the acid of the salt by the hydrochloric acid 
of the gastric juice and to the subsequent formation of a pepsin-acid 
only partially, or not at all, capable of digestive action. 
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3, Influence on the proteolytic action of trypsin. 

The method employed in determining the extent of proteolytic ac 
tion in this case was much the same as in the preceding. The trypsin 
solution was made as neutral as possible and was prepared from dried 
ox pancreas, previously extracted with alcohol and ether; 20 grams 
dry pancreas, extracted with 200 c.c., 0T per cent, salicylic acid and 
ultimately diluted to 1 litre. A little thymol was added to prevent 
decomposition. 50 c.c. of the trypsin solution were used in each ex¬ 
periment, together with 1 gram of prepared fibrin and the necessary 
amount of uranium salt. 

The first experiment was tried with uranyl nitrate, the mixtures 
being warmed at 40° C. for six hours. Following are the results : 


CFOgpN’OaJa + 6II 2 0. 

Undigested residue. 

Fibrin digested. 

Relative 

proteolytic action. 

0 

0*2927 gram. 

70*73 per cent. 

100*0 

0*010 per cent. 

0*3328 

66*72 

94*3 

0*025 

0*3460 

65*40 

92*4 

0*050 

0*4198 

58*02 

82*0 

0*100 

0*5004 

49*96 

70*6 

0*500 


0 

0 

With this salt retarding action is seen to be gradual up to a certain 

point, and then suddenly all ferment action ceases. 


tTOa(0j|ILiO3)a 

+ llaO. 

Uranyl acetate. 

Undigested residue. Fibrin digested. 

Relative 

proteolytic action. 

0 

0*4234 gram. 

57*66 per cent. 

100*0 

0*010 per cent 

0*4591 

54*09 

93*8 

0*025 

0*5460 

45*40 

78*7 

0*050 

0*6094 

89*06 

67*7 

0*100 

0*8173 

18.27 

31*6 

0*500 


0 

0 


This series of experiments was wanned at 40° C. for about five 

bom's. The inhibitory action of the salt is seen to be more pro¬ 
nounced than that of the nitrate; indeed, there is to be seen here, 
the same difference in action noticed in the case of the amylolytie 
ferment. 


Uranyl sulphate. 

With this salt, under exactly the same conditions of time and 
temperature as the preceding, the following results were obtained: 
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TTOaSO i + 3H a 0. 13 indigested residue. 

0 0*3790 grain. 

0*010 per cent. 0*3863 

0*025 0*5023 

0*050 0*6066 

0*100 0*6083 

0*500 - 


Relative 

Fibrin digested. proteolytic notion. 
62*10 per cent. 100*0 

61*37 98*8 

49*77 80*1 

39*34 63*3 


19*17 30*0 

0 0 


These results are seen to accord almost exactly with the preceding 
and show that hotii salts have an action on this ferment much more 
pronounced than on pepsin-hydrochloric acid. 


Ammonio uranous sulphate. 


U(flO») + (NH 4 )i 
SO t+H a O 

Undigested residue. 

Fibrin digested. 

Relative 

proteolytic .Action. 

0 


0*4025 gram. 

59*75 per cent. 

100*0 

0*010 per cent. 

0*4031 

59*69 

99*7 

0*025 


0*4229 

57*71 

96*4 

0*050 


0*4834 

51*76 

86*6 

0*100 


0*5743 

42*57 

72*9 

0*500 


— 

0 

0 



Sodio uranic sulphate. 


U0 a S0 4 +Na a S0 4 




Relative 

+ 20 a O. 

Undigested residue. 

Fibrin digested. 

proteolytic action. 

0 


0*3261 gram. 

67*39 per cent. 

100*0 

0*010 per cent. 

0*8414 

65*86 

97*4 

0*025 


0*3588 

04*12 

94*8 

0*050 


0*3961 

60*39 

89*5 

0*100 


0*4462 

55*38 

82*1 

0*500 


— 

0 

0 



Ammonio uranic citrate. 


(lT0 a H0 ft R B 0,) a 




Relative 

+(N1I OiOaHtOy. 

Undigested residue. 

Fibrin digested. 

proteolytic action. 

0 


0*3955 gram. 

60*45 per cent. 

100*0 

0*010 per cent. 

0*4934 

50*66 

83*8 

*• 0*025 


0*5282 

47*18 

78*0 

0*050 


0*6618 

33*82 

55*9 

0*100 


0*7705 

23*95 

37*8 

0*500 


0*7168 

28*32 

46*8 



Potcmio uranic 

oxychloride . 


UO a 01 a + 2K01 




Relative 

4* 2H a O. 

Undigested residue. 

Fibrin digested. 

proteolytic action. 

0 


0-4234 gram. 

56*76 per cent. 100*0 

0*010 per cent. 

0-4498 

55*02 

95*4 

0*025 


0-6224 

47*76 

82*8 

0*050 


9-6629 

43*71 

75*9 

0*100 


0-7087 

29*13 

50*8 

0*500 



0 

0 



Uranium Halts on Ferment Action. 


273 


With the exception of ammonio uranic citrate, the four last salts 
experimented with, show about the same degree of inhibitory action; 
the citrate, however, appears less pronounced in its action than the 
others. As to the manner in which the uranium salts retard the 
proteolytic action of the pancreatic ferment, it is probable that the 
main explanation is to bo found in the power possessed by the former 
of combining with proteid matter in general; combining with 
and rendering indigestible the albuminous material added to the 
digestive mixture and perhapR precipitating, or even destroying, the 
ferment itself. Further, the reason why certain salts appear less 
active than others is perhaps to be found in the fact that 'in the pre¬ 
cipitation of albuminous matter by uranium salts, the uranium com¬ 
bines directly with the proteid matter, thus liberating the acid of 
the salt; and as trypsin is inactive in the presence of free mineral 
acids, and only partially active in the presence of combined acids 
(combined with proteids), it follows that an organic salt, such as 
a citrate, would naturally be less active as a retarding agent, than 
the nitrate or sulphate. 

The following table shows the relative retardation of the various 
salts expressed in terms of relative proteolytic action: 


Table showing relative Proteolytic Action. 


Percentage of Salts. 

o-ot 

0*025 

0*05 

0*1 

0*5 

Uranyl nitrate. 

94*8 

92*4 

82*0 

70*6 

0 

Uranyl acetate. 

98*8 

.78*7 

67.7 

31*6 

0 

Uranyl sulphate. 

98*8 

80*1 

68*3 

30*8 

0 

Ammonio uranous sulphate - ... 

99*7 

96*4 

86-6 

72*9 

0 

Sodio uranic sulphate -. . . 

97*4 

94*8 

89*5 

82*1 

0 

A mmonio uranic citrate. 

83*8 

78*0 

55*9 

37*8 

46*8 

Potassio uranic oxychloride. 

95*4 

82*8 

75*9 

50*8 

0 


It is thus seen that uranium salts, in the main, like most other 
metallic salts, exert a decided retarding influence on the action of the 
digestive ferments. 


Trans. Conn. Acad., Vol. VII. 
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xvm.-' l?ms Relative Distribution ok Antimony 1 in the 

OltOANB ANI) TISSUES OF TIIE BODY, UNDER VARYING OONDITMNH. 

By R. It. Chittenden and Joseph A. Blake, B.A., Pii.B. 

Orfila, many years ago, proved that salts of antimony, like the 
salts of other metallic poisons, are absorbed and can be detected in 
the animal tisanes and secretions, especially in the liver and kidneys; 
and further that the absorbed antimony is slowly discharged from 
these quarters through the medium of the urine. These early results 
were confirmed by other investigators, notably Danger and Flandin 
and by Panizza and Kramer, the latter of whom detected antimony, 
not only in the urine, but also in the blood of a man during a course 
of tartar emetic.* Orfila’s work also indicated that while the elimina¬ 
tion of absorbed antimony commences very quickly, it is a compara¬ 
tively slow process; thus in one instance he stated f that he found 
antimony in the fat, liver and bones of a dog that had taken, three 
months and a half before its death, 46*5 grains of tartar emetic dur¬ 
ing a period of ten days, and that similar results were obtained in a 
second case in which the interval was four months. Presumably, 
however, elimination is much more rapid than these figures would 
seem to indicate. 

Dr. Richardson, however, found antimony in abundant proportions 
in the liver, and in smaller proportions in the kidney and heart, 
twenty-one days after the last dose of antimony had been taken. Ah 
to the relative distribution of absorbed antimony, the experiments ol 
Drs. Kevins and Richardson are the only important ones recorded. 
Dr, Nevins,J experimenting on rabbits, with tartar emetic in doses of 
0*5, X and 2 grains four times daily, found that the weakest rabbit 
died after taking 12 grains, the strongest after taking *72 grains of 
the poison. Other rabbits wore killed at varying lengths of time 
after taking the last dose of poison (ill, 14, 4, and 3 days), and in 
every case antimony was found in large quantity in the liver, in 
smaller quantities in the spleen ami stomach. Antimony was 
likewise found in the kidneys and urine of those animals that survived 
for some time, also in the lungs and in those that lived 15 days, in 

* See Chribtisou on Poisons, p. 372. f Traits de Toxicologic, 

X See Reese, Manual of Toxicology, p. 259-260 and Woodman & Tidy, Forensic 
Medicine and Toxicology, p. 128-129. 
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the bones likewise. Dr. Ncvins further states, that it was difficult 
to detect the poison in the muscles and in the blood, but it was 
found in the hones as late as the thirty-first day alter discontinuing 
the poison. 

Dr. Richardson* in 1850, examined the tissues of a dog that died 1 
hour and 40 minutes after a solution containing a drachm of tartar 
emetic had been injected into the cellular tissue. The antimony was 
found in the following parts, in the order given as to quantity; blood, 
vomit, rectum, lungs, liver, stomach, bladder, kidneys and small in¬ 
testines. In a second experiment, a wound in a dog’s neck was 
dressed every morning with tartar emetic ointment, the dog dying 
at the end of the seventh day. In this case no antimony was found 
in the brain, but it was found in larger quantities in the liver and 
spleen than in the other organs. It is very evident, therefore, that 
tartar emetic, and presumably other salts of antimony likewise, will 
penetrate all the tissues oi the body and that at the same time the 
antimony is constantly being eliminated by the kidneys. Further 
than this, the few results recorded indicate nothing definite. As Dr. 
Richardson well says, “ the election of antimony hy different parts of 
the body is as yet an open question; that the liver, however, would 
appear to be the structure in which it is most collected when the ad¬ 
ministration is slow and iu small doses; and that the elimination of 
the poison is attempted by all the secreting surfaces.” 'No positive 
statements can therefore be made regarding the relative distribution 
of antimony, other than in a general way. 

Hence, it has been our object in the present investigation to study 
somewhat in detail, the relative distribution of antimony in the dif¬ 
ferent thanes of the body under varying conditions; both as to the form 
of the poison and the manner of its introduction. As with arsenic, so 
with antimony, the relative proportion of poison found iu the different 
tissues after death may become of considerable medico-legal importance, 
provided we have sufficient confirmatory data from which to draw 
conclusions. Particularly is it of importance to know the way in 
which the form of the poison will influence its distribution. Whether 
as with arsenic,f the administration of a soluble and diffusible form of 
the poison will lead to a noticeable accumulation in the brain or nerve 
tissue in general. 

* See Woodman & Tidy, p 120. Also Dr, W. B. Richardson, Abstract in Auier. 
Jour. Med Sciences, 1857, vol. 38, p. 286, audB. andF. Med. Chirurp, Rev. Oct 1856. 

| Roe Amer Ohem Jour., vol v, p. 8, also Studies from the Laboratory of Phys¬ 
iological Chemistry, S.S.S. of Tale College, 1884-85, p. 141, 
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l. The quantitative estimation of antimony. 

There are many method* l>y which antimony may be detect cd, e\en 
when present in quite small quantities; but there are only a few which 
yield accurate quantitative results, particularly in the presence of or¬ 
ganic matter. In attempting to find a method sufficiently accurate 1 
for our purpose, we first tried the method recommended by Orfilu, of 
introducing the final antimony solution into the Marsh apparatus; 
using for this purpose the form of apparatus and mode of procedure, 
found so efficacious in the case of arsenic * In every trial, however, 
there was a loss of at least 40 per cent, of the antimony; thus in the 
first case, with an amount of tartar emetic equivalent to 0 milligrams 
of metallic antimony, only 3*4 milligrams ol the metal were recovered, 
and under exactly such conditions as with arsenic would load to the 
recovery of the entire amount. And since in this trial experiment, 
the antimony was introduced directly into the Marsh apparatus, as 
tartar emetic dissolved simply in dilute sulphuric acid and without 
the presence of any oiganic matter to act as a hindrance, it follows 
that the loss must be due to retention of a portion of the antimony 
by the zinc and platinum. A second trial, with the same amount of 
antimony salt, gave a decided deposit of metallic antimony in the 
heated tube, but weighing only 3*5 milligrams. In this case the ap¬ 
paratus ran for three hours, but as before, it is evident that only a 
portion of the antimony was converted into antimoniuretted hydro¬ 
gen, the remainder undoubtedly being retained either by the plati¬ 
num used to alloy the zinc, or by the zinc itself. The presence of a 
small amount of platinum fused in with the zinc, previous to its granu¬ 
lation, does not appear to offer any obstacles to the complete evolu¬ 
tion of arsenic as arseniuretted hydrogen. Numerous results obtained 
by one of usf testify to the accuracy of this statement. .Bernstein had 
also noticed that alloying zinc with platinum or silver, did not hinder 
the complete evolution of the arsenic, while the addition of a little 
platinic chloride solution to the acid fluid from which arsenic was be¬ 
ing evolved, led to the precipitation of even 50 per cent, of the 
arsenic present.J This probably is the explanation of the low results 
obtained by Hedden and Sadler in the estimation of arsenic by the 
Marsh apparatus, in the presence of platinum.^ But with antimony, 


* See Amer Chom. Jour,, vol ii„ p. 235. \ See Amer. Chem Jour, vol. ii, p. 235. 
X See Dragendorff, Gerichtlich cliemische Mittheilung von Gifton, p. 334, foot note. 
§ See Amer. Chem. Jour., vol. vii, p. 342. 




Antimony in the or<fans and tissues. 211 

either the platinum alloyed with the zinc is sufficient to retain fully 
50 per cent, of the metal, or as is very probable, the zinc itself causes 
a precipitation of a portion of the antimony. That this is a point 
overlooked by most writers on chemical toxicology, is evident from 
a perusal of the literature on the subject, 

Whether it would be possible to obtain all of the antimony as anti- 
moniurettod hydrogen, in the absence of any metal other than per¬ 
fectly pure zinc, we cannot say. Certainly as a method for quantita¬ 
tive purposes, it would be too tedious a process to admit of general 
use, especially where such small amounts of antimony, as in our own 
experiments, would limit galvanic action to a minimum. That the 
method is capable of showing the presence of very small amounts of 
antimony, is unquestionable. Wormley’s experiments* are very de¬ 
cided on this point, but evidently only a portion of the antimony will 
be recovered. 

Precipitation of the antimony by hydrogen sulphide and final oxi¬ 
dation by fuming nitric acid and weighing as Sb^O^ gave fairly satis¬ 
factory results, when the weight of antimony was not less than 10 
milligrams of Sb 3 O t . With smaller amounts, the results were far too 
high, owing probably to the far greater proportional increase of sul¬ 
phur. Attempts to weigh as sulphide, after fusion of the first hydro¬ 
gen sulphide precipitate with potassium nitrate and carbonate, like¬ 
wise gave too high results when the amount of antimony was small. 
Further, the two latter methods are somewhat unsatisfactory, in that 
when the amount of antimony is very small, the nature of the final 
products is such, it is difficult to be certain of the purity of the mat¬ 
ter weighed. 

Owing to this reason partly, we next turned our attention to the 
electrolytic method for the separation and determination of antimony, 
as in this case the appearance of the metallic mirror is in itself a fair 
guarantee of the nature of the deposit, and its purity is easily proved* 

Alex Classenf has shown the accuracy of the method in general 
quantitative work, where moderate amounts of antimony are present 
(0T5—0*2 grams Sb). -In his experiments, the antimony, in the lorm 
of sulphide, was dissolved in ammonium sulphide and the solution 
then exposed to electrolytic action. The ammonium sulphide solu¬ 
tion must be free both from polysulphides and from free ammonia. 


* Micro-Chemistry of Poisons, p. 229. 

f Quantitative Analyse durch Blektrolyse. Borichte d. deutsch. chem. Gesoll,, xvii, 
p. 24*74 See also Alex. Classen and Rob. Ludwig, ibid., xviii, p. 1104 
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Classen also fount] that antimony was deposited quantitatively, 
when the sulphide was dissolved either in potassium or sodium mono- 
sulphide, or in potassium ot sodium hydrosulphide Polysulphidos 
must also be absent in this case, and the potissium and sodium must 
be quite free hom both iron and aluminum, as 1>) lout* continued 
electrolytic action, sulphide of iron and aluminum hydioxide ma) be 
deposited upon the antimony. Classen also recommends the use of 
ammonium sulphydrale and a weak current; a stiong cm rent tending 
to cause the separation of the antimony in a pulverulent fonn, not 
closely adheient to the platinum. 

As it would be necessaiy in our woik, allot oxidation of the or¬ 
ganic matter, to separate the antimony as sulphide, the above method 
seemed particulaiiy advantageous, and experiments were therefore 
tried to a&ceitain its value when applied to veiy small quantities. 
We employed a battery ol four moderate sized gravity cells, giving a 
weak cm rent, and as a rule, exposed the solution to the action of the 
current for at least 15 hours, as we found better results wetc ob¬ 
tained by the long continued action of a weak current, than by the 
quicker action of a more rapid one; particularly in such solutions as 
we usually had to work with, containing considerable excess of sul¬ 
phur and some organic matter. The negative polo of the battery was 
either a small platinum crucible or a platinum dish, while the posi¬ 
tive pole was a large piece of platinum foil welded onto a good sized 
platinum wire. The deposition of the antimony was much more 
complete, more tightly adherent to the platinum, and as a rule less 
mixed with sulphur under this arrangement, than when the dish was 
made to serve as the positive pole; due, doubtless, simply to the 
broader surface for the deposition of the metal. 

Using ammonium sulphide as a solvent for the antimony sulphide, 
did not give us very good results by electrolysis, the loss being con¬ 
siderable. Much better results were obtained by using a solution of 
sodium monosulphide, made by saturating one-half of a 15 per coni, 
solution of sodium hydroxide with hydrogen sulphide, and then add¬ 
ing the remaining half of the sodium hydroxide solution. 

The method was tested by precipitating definite volumes of a 
standard antimony (tartar emetic) solution with hydrogen sulphide, 
dissolving the metallic sulphide in the sodium monosulphide and then 
exposing the solutions to electrolytic action. When the separation of 
the metal was complete, it was found best to wash the deposit with 
considerable water, without breaking the current; as sometimes, as in 
the presence of tartaric acid, the separated metal rapidly dissolved 
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on discontinuing the current. The antimony was then finally washed 
with alcohol, any adherent sulphur lightly brushed off and the dish 
dried and weighed. 

Following are some of the preliminary results obtained : 


Standard 81 > 

Theoie(ie,i1 

Wt si) 

1 hiration 

Solution. 

Ain’t Si) 

found. 

oi KlLctiolyMb. 

50 c. c. 

0*0315 gram. 

0*0375 gram. 

16 hours. 

10 

0*0075 

0*0077 

18 

10 

0*0015 

0*0075 

24 

10 

0*00<5 

0*0078 

18 

10 

0*0075 

0*0074 

8 

2 

0*0015 

0*0012 

10 

1 

0*00075 

0*0008 

3 


These results showed the method to be perfectly satisfactory for 
our purposes, and we, therefore, next tried the separation of small 
amounts of antimony from organic matter, and its final recovery by 
the above method. 

As there was no doubt that large amounts of antimony could be 
satisfiactonly recovered from organic matter, our experiments were 
confined mainly to very small quantities. In each experiment, 100 
grains of either liver or beef were finely divided and to the so-pre¬ 
pared tissue, a few cubic centimetres of the standard antimony solu¬ 
tion were added and the mixture thoroughly oxidized with hydrochlo¬ 
ric acid and potassium chlorate. After removal of all free chlorine 
from the filtered fluid, by careful heating, the antimony was precipi* 
tated by hydrogeu sulphide. This precipitate, which naturally con¬ 
tained, in addition to the sulphide of antimony, considerable sulphur 
and some orgauic matter, was thou treated as follows: While still 
moist, after being freed from all hydrochloric acid by thorough wash¬ 
ing, it was dissolved in the cold sodium monosulphide solution and 
then directly subjected to electrolysis. At first, we thought it nec¬ 
essary to free the precipitate from its excess of sulphur and organic 
matter by solution in ammonium sulphide, e\aporation, fusion with 
potassium carbonate and nitrate, etc,, obtaining it fiually in the form 
of sulphide again, free from its former impurities. This, however, 
we found to he unnecessary; in fact the loss was far greater than the 
gain. Provided the oxidation with potassium chlorate be a thorough 
one and the free chlorine entirely removed from the solution, the 
first hydrogen sulphide precipitate is well adapted lor electrolysis 
directly. It was found best, however, to keep the solution on the 
battery until all of the sulphur and organic matter was oxidized; 
that is until the reaction of the fluid had beoome acid. This took, 
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many times, 30 to 40 hours with our slow current. A more rapid 
current, would, to he sure, bring about a change in reaction much 
more quickly, but occasionally under such conditions the antimony 
would he Less closely adherent and loss occur. Then again ns the 
sulphur present was gradually changed into sulphuric acid, the filial, 
strongly acid-reacting fluid, became a good conductor and so at the 
last, even with our four cells, electrolytic action was quite strong. 
In washing the deposited antimony, the acid fluid was syphoned out 
and water continuously added, without breaking the current, until 
the original fluid was entirely removed. 

Following are a few of the results obtained, the antimony being 
added to 100 grams of tissue in each case. 


Standard Sb 

Thooietioal 

Ain’t Sb 

Duration 

Solution. 

Ain’t Sb. 

iound. 

o£ oWlrolysK 

10 c. c. 

0-0075 gram. 

0-007 5 gram. 

31 hours. 

to 

0*0075 

0*0073 

48 

10 

0-0075 

0*0061) 

36 

10 

0-0075 

0-0074 

34 

10 

0-0075 

0*0064 

30 

5 

0-0037 

0*0028 

18 


The results are certainly not all as close as those obtained in the 
absence of organic matter, but are perhaps as satisfactory as could bo 
expected under the conditions of the experiment, viz: a largo pro¬ 
portional amount of tissue (100 grams), a very small amount of 
metal and a large volume (say 500 c c.) of fluid to precipitate from, 
with hydrogen sulphide. Even under the .most unfavorable condi¬ 
tions, at least 75-80 per cent, of the antimony introduced into the or¬ 
ganic matter was recovered. 

We next turned our attention to the obtaining of some convenient 
and quick method for the direct determination of antimony Sn urine, 
or other like organic fluid. Preliminary experiments showed us that 
antimony, in the form of tartar emetic, could be separated completely 
from a tartaric acid solution by electrolysis. The separation takes 
place rapidly, but care must be taken to remove all of the tartaric 
acid solution by displacement with water, before breaking the cur¬ 
rent, otherwise the deposited antimony will instantly dissolve. Trial 
tests repeatedly gave results in close accord with theory. Excess of 
sodium tartrate, however, appeared to interfere somewhat with sep¬ 
aration of the antimony; while the presence of sodium chloride in 
the presence of an excess of tartaric acid, prevented entirely the 
separation of the antimony. From a sulphuric acid solution, how¬ 
ever, antimony was also deposited quantitatively, and on applying 
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this method to antimoniaeal urine, we found it possible to recover the 
antimony without loss. The following results testify to the accuracy 
of the method: 

In each experiment 25 c.c. of normal urine were employed, to which 
was added a number of cubic centimetres of the standard antimony 
solution and then 1 c.c. of pure dilute sulphuric acid, alter which the 
solution was connected with the battery. 

Standard Sb 


Solution m 

Theoretical 

Amount Sb 

Duration of 

25 c c urme 

amount Sb 

found 

electrolysis 

10 c. c. 

0*0075 gram. 

0*0075 gram. 

48 hours. 

10 

0*0075 " 

0-0014 “ 

24 " 

10 * k 

0-0075 u 

0-0074 “ 

20 ** 

5 “ 

0-00375 “ 

0-0038 « 

18 “ 

5 “ 

0-00375 “ 

0-0037 •« 

18 “ 

5 *« 

0-00375 “ 

0*0036 “ 

15 “ 

3 “ 

0*00225 “ 

0*0034 “ 

10 “ 

2 •• , 

0-0015 “ 

0-0018 “ 

20 “ 

2 “ 

0-0015 “ 

0-0016 k ‘ 

18 “ 

1 •* 

0-00075 “ 

0-0008 ** 

16 “ 


Doubtless all of these results could have been obtained equally as 
•well in a very much shorter time, but most of the solutions were con¬ 
nected with the battery at night and allowed to run until morning, 
or whenever convenient. The method is evidently very accurate 
when applied in this manner, and we have made use of it very satis¬ 
factorily, even with 1.50 c. c. of urine, using in this case a platinum 
dish of 200 c. c. capacity as the negative electrode. 

2* Relative distribution of absorbed antimony . 

As already stated, the object sought in the following experiments 
was to ascertain the relative distribution of antimony under varying 
conditions; particularly, variations in the form of the poison, as its 
solubility or insolubility; in the method of introduction, as per 
mouth, rectum or sub-cutaneously; and lastly in the length of time 
during which the poison is being taken, whether in one large dose or 
in many small ones frequently repeated. All of these points we have 
endeavored to cover in the experiments about to be described* 

Experiment L 

Hypodermic injection of a solution of tartar emetic . 

0*120 gram of tartar emetic, dissolved in a little water, was intro¬ 
duced under the skin (right thigh) of a cat weighing 1262 grams* 

Trans* Conn. Aoad m Yol YI 1 . 3 G Nov., 1886. 
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8:10 p. m., solution injected. 

3:16 “ vomited copiously. 

3:20 “ “ again, simply mucus. 

8:23 4 4 <e mucus and bile. 

3:38 “ fc ‘ and purged. 

3:45 4 ‘ partially paralyzed. 

3:54 “ vomited again. 

4:80 “ much prostrated, 

5:10 fc< dead. 

The various organs were then separated and the absorbed antimony 
determined, according to the method already indicated. Following 


are the results: 

Total weight, 

Weight of SI), 

Sl> per 100 
grams of tissue, 


grams 

milligrams. 

milligrams. 

Liver. 

... 52-0 

6*35 

12*21 

Brain. 

_ 27-5 

0-60 

3-18 

Heart and lungs_:. 

... 32*0 

0-70 

2-18 

Kidneys. 

_ 12-0 

0*15 

1*25 

Stomach and intestines.. 

.... 74*0 

0*80 

1*08 

Muscle from back. 

.... 138-0 

1*25 

0*90 


335*5 

9-85 



These figures show the greatest absorption by the liver; the braib* 
stands next, while the muscle tissue appears to have absorbed but a 
relatively small amount of the antimony. In this connection it must 
be remembered that two hours only, intervened between the intro¬ 
duction of the poison and the death of the animal, hence it is evident 
that the brain tissue must have a decided tendency to hold absorbed 
antimony. The antimony, however, was introduced in the form of a 
readily soluble salt and under conditions directly favoring rapid and 
wide-spread distribution. That there is certainly some decided selec¬ 
tive action, is evident from the fact that the muscle tissue, which 
must truly have had as good an opportunity as the brain tissue, 
retained per 100 grams of substance far less of the poison. Elimin¬ 
ation had evidently commenced, for the kidneys contained a decided 
amount of antimony. 

Experiment II. 

Hypodermic injection of a solution of tartar emetic , 

Iii this experiment, a smaller amount of tartar emetic was used 
than in the preceding; and further, the poison was* introduced in 
three distinct doses, thus allowing longer time for absorption. In 
fact, the animal lived 22 hours after the first dose, hence the experi- 
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ment stands in striking contrast to No. 1, in which the animal lived 
but two hours; while the results, contrasted with the preceding, 
show plainly the influence of time on the distribution of the poison. 
Following are the results of the experiment on a rabbit weighing 
1295 grams. 

Mar. 31, at 5:20 p.m., injected under the skin of leg, 0-012 grm. tartar emetic. 


April 1, “ 8:45 a.m., 

u 

0-035 

April 1, 4< 12:45 p.m., “ 

•( 

0-035 

Animal died at 3:05 p. m. 

Total, 

0*082 


Following is the distribution of the antimony: 


Sb por 100 

Total weight, Weight of Sb, grams of tissue, 



grams. 

0 

f 

iC 

milligrams. 

Kidneys. 

.. 11*5 

0-60 

5-21 

Liver,... 

.. 63-0 

1-50 

2-38 

Brain. 

.. 9-0 

0-20 

2-22 

Stomach and intestines. 

.. 98-0 

2-00 

2*04 

Heart and lungs. 

17-0 

0*25 

1*47 

Muscle from back.. 

106*0 

0-70 

0*66 


304*5 

5*25 



As might naturally be expected, the results indicate a more 
even distribution of the poison than in the preceding experiment. 
Although two-thirds as much antimony was used as in experiment 
No. 1, the liver contains a far smaller proportional amount of the 
poison than in the preceding experiment, while the kidneys stand 
first in their content of antimony. Between the brain and the liver, 
there is but little difference and the experiment plainly substantiates 
the preceding in showing the tendency of brain tissue, under these 
conditions, to absorb and retain antimony. In the muscle tissue the 
percentage of absorbed antimony is almost exactly the same as in 
No. 1, that is, proportional to the amount of antimony introduced. 
The animal had evidently lived long enough to admit of a fairly 
complete distribution of the poison, and elimination having been 
going on for some time, those parts which had originally contained 
the most, particularly the liver, had been drawn on to the greatest 
extent; so that at the time death intervened, the excretory organs, 
notably the kidneys, were the richest in poison. This fact iurther 
indicates that the elimination of absorbed antimony proceeds some¬ 
what rapidly. 
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Experiment III. 

Hypod arm ia injection of a solution of tartar emetic. 

In this experiment, a cat weighing 1613 grams, had injected mider 
the skin of its hind leg 0'160 gram of tartar emetic in one dose. 
There was some purging and vomiting, and the animal died in 
hours after the administration of the poison. The object sought in 
this experiment, which is virtually a repetition of No. 1, with a some¬ 
what larger dose of antimony, was simply to see whether there 
would be found the same relative absorption of antimony by the 
liver and kidney as in No. 1, and if by chance there should occur a 
longer interval of time between the introduction of the poison and 
death, what then would bo the relative amounts of antimony in the 
two organs. As stated above, the animal lived 4J- hours after the 
administration of the poison, or longer than the cat in No. 1. 
Following are the results of the analysis of the two organs: 

Sb per 100 

Total weight, Weight o£ Sb, grams of tissue, 
grams. milligrams. milligrams. 


liver.62*0 2*50 4*03 

Kidneys.14*5 0*25 1*72 


These confirm to a certain extent the results of No. 1, while at the 
same time the smaller difference between the amount of antimony 
contained in the liver and kidneys, as compared with the difference 
found at the end of two hours (see experiment I), would seem to 
indicate that the liver had already absorbed its maximum amount, 
and that at the time of death, elimination was well under way; or in 
other words, that the removal of the absorbed antimony from the 
liver had already commenced. 

Experiment IV. 

(<7.) Hypodermic injection of a solution of tartar emetic, 

(b .) Injection of a solution of tartar emetic per rectum. 

Those two experiments wore undertaken to ascertain whether the 
avenue by which the poison was introduced, would influence materi¬ 
ally the relative absorption of the antimony. The results, however, 
although interesting, do not definitely answer the question. Absoip- 
tion by injection per rectum is so much slower than by hypodermic 
injection, or the effects produced are so much slower in' manifest¬ 
ing themselves, that it is impossible to have the conditions exactly 
alike in the two cases. Either the time required to produce a given 
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effect, in the case of injection per rectum, will be longer than by 
hypodermic injection, or else the amount of poison must be corre¬ 
spondingly increased; either of which introduces an objectionable 
clement into the experiment. 

(«.) Rabbit weighing 1485 grams had injected under its skin 0*80 
gram of tartar emetic dissolved in a little water. Injection made at 
31:35 a. in. At 3:45 p. no., 4 hours and 10 minutes after the first 
injection, 0*08 gram more was injected in the same manner. At 4:05 
p. m. the animal died. 

(h.) Rabbit weighing 1512 grams had injected per rectum 0*08 
gram of tartar emetic dissolved in a little water. Injection made at 
11:45 a. m. At 3:50 p. m. the animal apparently not being affected 
at all, whereas rabbit (a) was strongly under the influence of the 
poison, 0*160 gram more of the salt was injected per rectum as 
before. At 5:30 p. m. the animal was still alive, but evidently feel¬ 
ing the effect of the poison. The animal died during the night. 

Following are the results of the analysis of the parts from the two 
rabbits: 


Rabbit (ft) hypodermic injection . 



Total weight, 

Sb per 100 

Weight of Sb, grams of tisssue, 


grams. 

milligrams. 

milligrams. 

Kidneys . 

.... 10*2 

0*63 

6*34 

Brain . 

.... 5*5 

0*20 

3*63 

liver. 

.... 54*0 

1*30 

2*40 

Heart and lungs. 

... 15*3 

0*30 

1*93 

Stomach and intestines.. 

.... 174*0 

1-60 

0*92 

Muscle. 

_ 110*0 

0*50 

0*45 

369*2 4*35 

Rabbit (5) injection per rectum. 



Total weight, 

Weight of Sb, 

Sb per 100 
g rams of tissue, 


grams. 

milligrams. 

milligrams. 

Stomach and small intestines... 172 

8*89 

15*30 

Brain. 

. 9 

0*40 

4*40 

Rectum and adjoining intestine, 18 

0*53 

3*05 

Liver. 

. 34 

1*60 

2*96 

Kidneys. 

.. 18 

0-2,1 

1*92 

Muscle. 

..100 

1*10 

1*11 

Urine. 

. 20 

0*20 

1*10 

Heart and lungs. 

.. 17 

trace 



403 

12*99 
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Comparing first, the results obtained from rabbit (<«) with those 
of the three preceding experiments, we see at once that the distribu¬ 
tion of the antimony is much the same as in No. 2, in which, how¬ 
ever, the animal lived nearly 22 hours after the introduction of the 
first dose of poison and somewhat over two hours after the last. 
The fatal dose, moreover, in this case was nearly the same in amount 
as the first dose in experiment IY a. 

The conditions, however, of this experiment (XV ft) do not exactly 
accord with any of the preceding, hence close comparisons cannot 
well he made. The brain, as in all of the experiments with tartar 
emetic, contains a proportionally large amount of antimony, while 
the muscle contains a very small amount. The only thing in this 
experiment not exactly in accord with the preceding experiments, is 
the proportionally large amount of poison in the kidneys, as com¬ 
pared with the liver. The only apparent explanation seems to be 
that, the first dose being small, the liver had quickly reached its 
maximum absorption and elimination had been rapidly going on; so 
that at the end of the four hours intervening between the first and 
second doses of the poison, the kidneys had drawn extensively from 
the liver, rapidly diminishing its content of the poison. Further, 
after the second dose of poison, the time before death was so short 
that the additional absorption by the liver was not sufficient to make 
up the deficiency, and hence the results found. In this connection, it 
must be remembered that tartar emetic is very readily soluble and 
diffusible, and that being injected in solution directly under the skin, 
its absorption must necessarily be very complete and rapid. 

In Kabbit ( b) the conditions are wholly different from those of the 
preceding experiments. In all, 0*24 gram of tartar emetic, dissolved 
in water was introduced into the rectum and 8-10 liouis, at least, 
must have intervened between the administration of the first dose of 
the poison and death. That the stomach and small intestines should 
contain the largest proportional amount of antimony is perhaps not 
at all strange, since the antimony solution would naturally pass 
rapidly by osmosis through the entire* alimentary tract. That this, 
however, is not the full explanation, is evident, when we compare 
the amount found in the large intestine with the former. If due 
simply to osmosis, the percentage amount of antimony would be 
about the same all through the intestines; hence we must look to 
some selective action for explanation of the increased amount found 
in the small intestines. In all of the preceding experiments, the 
amount of antimony found in the stomach and intestines has been 
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considerably greater than in the muscle tissue. Undoubtedly, the 
greater vascularity of the former has much to do with its greater 
content of the metal, but even this is not sufficient to account for all 
of the antimony found; for whenever blood itself has been analyzed, 
the amount of antimony has not been large. Unquestionably then, 
we must assume special absorptive action on the pait of the epi¬ 
thelial cells of the stomach and small intestines. In this connection 
it is well to notice the work of Brinton, who proved that when 
tartar emetic was injected into the vein of an animal, it was very 
freely and rapidly eliminated by the stomach. This w*as also cor¬ 
roborated by Dr. Richardson who, in addition, found that a simi¬ 
lar elimination followed the inhalation of antimoniuretterl hydro¬ 
gen. 11 In addition, it may be that absorption of antimony from 
the alimentary tract goes on slowly and that hence only a por¬ 
tion was removed. This idea has considerable to support it, 
when we consider the distribution of the absorbed antimony. 
Remembering that in this experiment, a larger amount of anti¬ 
mony was used than in any of the preceding ones, and that there 
was apparently ample time for absorption, one cannot help but think 
that the content of antimony in the remaining tissues and organs is 
very small. This is very evident, and must be due to one of two 
causes; either there has been a lack of absorption or else elimination 
has been goiug on very rapidly. The brain contains a noticeable 
amount of antimony, larger than found in any preceding case, while 
the liver and kidneys both contain a comparatively small amount. 
The amount of antimony in the kidneys and particularly the amount 
in the urine, plainly indicates that elimination was going on rapidly; 
but the fact that the percentage content of antimony in the liver is 
greater than in the kidneys, would perhaps indicate that at the time 
of death, absorption was not completed. Such being the case, the 
only inference to be drawn from the two preceding experiments, is 
that the introduction of tartar emetic into the rectum leads simply 
to a much slower absorption and distribution of the antimony than 
by hypodermic injection, but that there is no essential difference in 
the relative distribution of the poison under these two conditions. 


* Quoted by It. 0. Wood, Therapeutics, p. 159. 
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Experiment V. 

(a.) Tartar emetic in substance, Introduced into flu stomach. 

(b.) Antimonious oxide (KbO n ) introduced into the stomach. 

Tn this experiment there were two objects in view; one was to see 
the effect of tartai emetic in substance, as complied with the action 
of the same salt introduced into the system by hypodermic injection 
or per rectum; the second, to compare the absorption ot an insoluble 
compound of antimony (Sb^Og) with that of the more soluble tartrate. 

In this experiment two dogs were used and the poison was fed to 
them at regular inteivals, in small doses, for a period, iu each case, of 
17 days. The animals were then killed and the various pails anal¬ 
yzed. The two experiments were exactly alike in every respect, 
except in the amount ol poison administered. 

(rt.) Dog weighing '7*75 kilos was fed 0*702 gram of tartar emetic 
during a period of 17 days, in two or three doses daily, the individ¬ 
ual doses being small enough not to induce vomiting. The first two 
days, the dose was 0*010 gram per day, the third 0*020 gram, the 
fourth 0*030 gram and so on, increasing each day until the last daily 
dose was 0*085 gram of the poison. The dog was then killed by 
chloroform, just six hours after the last dose oi poison was adminis¬ 
tered. 

(i b .) Dog weighing 14*2 kilos was fed 2*073 grams of antimoaious 
oxide, during a period of 17 days, in two daily doses of from 0*032 
to 0*125 gram per day. The dog was then killed by chloroform, 18 
hours after the last dose of antimony was given. 

Following are the results of the analysis of the various parts: 


Dog (a) with tartar emetic — (<)*7G2 gram). 



Total weight, 

Weight ol 8b, 

Sl> per 100 
gtnius of tissue, 


gums 

lmiligrutiM 

milligrams 

Liver . 

804 

11*80 

5-85 

Salivary glands 

tl 

0*25 

s-‘3r 

Kidneys . 

58 

HR 

2*15 

Brain. 

.... 76 

t*ir> 

3*51 

Tongue. 

. 36 

()•«) 

I'll 

Muscle (thigh) . . 

. 150 

1*60 

1*06 

Spleen. 

... 19 

0*15 

0*80 

Heart . 

... 77 

0 50 

0*06 

Lung . 

... 140 

0*50 

0*36 

Bone (femur and tibia) _ 

... 48 

0*10 

0*23 

Blood _j. 

.... 180 

0*20 

0*35 

Testes . 

.... n 

trace 


Pancreas . 

.... 28 

trace 



1079 

24*05 
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Dog (b) with antimonions o.vide —(2*073 grams). 

81) per 100 

Total weigh!, Weight of SI >, grains oft hump. 



giarus. 

milligrams. 

milliuntins. 

Liver. 

. 452 

23*70 

5-iU 

Lungs . 

- . . 140 

1*H0 

1*2.8 

Muscle (fore log). 

.157 

1-20 

(K0 

Brain. 

. 19 

0-40 

0*50 

Muscle (thigh). 

.200 

0-90 

0*15 

Kidneys. 

. 82 

0*10 

0*12 

Heart. 

.117 

trace 


Blood. 

.440 

trace 



1607 

28*10 



In considering these results, we notice first that in clog (rt) the dis¬ 
tribution of the poison is much the same as in the preceding experi¬ 
ments with tartar emetic, viz : the liver, kidneys and brain stand 
first in their content of antimony. That the liver should contain 
more per 100 grams than the kidneys, although the animal lived full 
eight hours after the last dose of poison was taken, is here to be 
expected, since absorption as a whole would naturally be slower 
than in some of the preceding experiments; and, further, in this case 
probably all of the antimony would be absorbed through the portal 
circulation. In the ease of dog (£), the conditions are different from 
any heretofore; we have here an insoluble form of antimony con¬ 
trasted with a readily soluble and diffusible salt. Solution must 
necessarily be somewhat slow in this case, but the acid juices of the 
stomach unquestionably do dissolve and render diffusible, at least a 
portion of, this form of the poison* 

We notice first'that the total amount of antimony administered, is 
fully three times as much as the amount of tartar emetic given, and 
yet the amount of antimony recovered from the different tissues and 
organs is hut 4 milligrams more than in the case of tartar emetic. 
This suggests that either considerable antimony is excreted by the 
kidneys (more than in the case of tartar emetic) or else that consid¬ 
erable passes through the alimentary tract unabsorbed. The dog 
being confined in a cage of suitable construction, the 21 hours’ urine 
was collected on several occasions and the amount of antimony deter¬ 
mined. Thus on one day, when 0*097 gram of antimonious oxide had 
been administered, following after a daily dose of 0*064 gram, the 24 
hours’ urine contained 13*5 milligrams of antimony (Sb). Later, at a 
time when the daily dose was 0*330 gram of the oxide, the 24 hours’ 
urine contained 22*5 milligrams of antimony. K mee it is plain that 
Trans. Conn. Acad., Yol. YIT. 3 1 Nov., 1886. 
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considerable of the antimony given was being absorbed; but bearing 
in mind that this latter amount was the largest excreted by the kid¬ 
neys in any one day, and further that the daily dose of antimony was 
being increased each day rather than diminished, it is also plainly evi¬ 
dent from the amount of absorbed antimony found, that a certain por¬ 
tion must pass through the alimentary canal unabsorbed, Further, t lie 
small amount of antimony found in the kidneys supplements tins 
view, as does also the noticeably small amount of absorbed antimony 
found throughout the body, aside from the liver. 

One of the main objects in trying this last experiment was to see 
what influence the form of the poison would have on its absorption 
by the brain. With arsenic, it has been plainly demonstrated by 
one of us,* as well as by other workers in this Odd, that soluble and 
readily diffusible forms of arsenic are absorbed by the brain in 
appreciable quantities, while arsonious oxide for example, no matter 
whether taken in large or small doses, single or oft-repented, is never 
found in the brain other than in mere traces. With antimony wo 
had expected to sec something of the same kind. The results, how¬ 
ever, although tending in that direction, are not quite a£ decisive as 
we should have liked. The antimony found in the brain in the anti- 
monious oxide case is, to be sure, considerably smaller in amount than 
that found in (a), although the dose of antimony given in the former 
was much larger than in the latter case. But it is also to be seen in 
the antimonious oxide case, that the amount of absorbed antimony in 
the brain, although very small, is still greater than the amount found 
in the kidneys or muscle. 

We attempted another experiment in the same direction with rab¬ 
bits, but as the amounts of antimony found in the bruin in both ani¬ 
mals were hardly more than mere traces, the results do not give m 
any additional light on the matter. In spite of the fact that the 
experiment was a failure, so far as its maiu object was concerned, wo 
venture to describe it, since it well illustrates in other respects, the 
greater virulence and diffusibility of tartar emetic. Two rabbits of 
nearly equal weight were selected, and to one potassium antimony 
tartrate was fed in gradually increasing doses for a period of 11 
days, at the end of which time the animal died with all the symp¬ 
toms of antimoniacal poisoning. To the other rabbit, antimonious 
oxide was fed for the same period of time, in doses the same as given 
to the first rabbit; that is, doses equivalent to the antimony (Sb) 
contained in the tartar emetic. Each rabbit, therefore, received 

* Seo Studies from this Laboratory, vol 1 , for the yoar 1884-S5, p. 141. 
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twice a day, the same equivalent of antimony, and at the end of the 
If days the one rabbit had taken 2*34 grains of tartar emetic, the 
other 1*08 grams of antimonious oxide. While each rabbit had 
taken the same amount of antimony, the one which had taken it in 
the form of potassium antimony tartrate was much more severely 
afiectcd by the poison. In this case there was severe purging and 
finally death on the 17th day. In the case of the rabbit fed with 
antirnouious oxide, the only apparent effect of the poison was a loss 
of appetite and groat thirst. This animal was killed with chloro¬ 
form on the death of the first rabbit. Both forms of antimony were 
administered as powders, by way of the mouth, in small gelatin 
capsules. 

Following are the results of the analysis of the various parts 
from the two rabbits: 

Rabbit (a) fed with tartar emetic . 

Sb por 100 



Total weight, 
grains. 

Weight of 8b, 
milligrams. 

grams of tissue, 
milligrams. 

Liver... 

.... 50-0 

4*8 

9*60 

Kidneys. 

. 6-7 

0*5 

7*40 

Heart and lungs. 

.18-0 

0*4 

2*22 

Muscle from back. 

.55*0 

0*5 

0-91 

Muscle from legs. 

.79*0 

0*3 

0*38 

Brain . 

. 7*7 

trace 



216*4 

esT 


Rabbit (6) fed with antimoniom oxide. 



Total weight, 
grams. 

Weight of 8b, 
milligrams. 

8b por 100 
grams of tissue, 
milligrams. 

liver . 

.... 57*0 

1*3 

3*28 

Muscle from back. 

.... 77*0 

0*7 

0*90 

Muscle from legs. 

.... too-o 

<K 

0*70 

Kidneys . 

..... 8*0 

trace 


Heart and lungs. 

.... 16*0 

trace 


Brain . 

.... 8*5 

trace 



266*5 

2*7 


Looking at those results and remembering that each animal re* 

ceived the same amount of metallic antimony, it is 

evident that 

tartar emetic is much more 

completely absorbed than the oxide. 

With tartar emetic, however, 

the results 

are not exactly in accord 

with the previous ones, obtained with this salt; thus the amount of 


antimony absorbed by the brain is far smaller proportionally than 
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found hitherto. To be sure, the compound was not in the previous 
experiments introduced into the stomach of a rabbit in the form of 
powder, and it is possible that the reason for the difference in the 
amount of antimony found in the brain in this ease and that in the 
brain of the dog similarly treated, lies in the fact ol a slower 
absorption from the stomach of a herbivorous animal. 



XIX. —Influence of Antimonious Oxide on* * * § Metabolism, By 
R. IT. OrilTTENDEKT AND JoSKPIt A. BLAKE. 

The physiological action of antimony has beeu studied mainly with 
potassium antimony tartrate, the form in which antimony is most 
commonly used therapeutically. No experiments, however, appear to 
have been made, even with this salt, to ascertain the influence of an¬ 
timony on the metabolism of the body. Giifchgens, however, as 
quoted by Dr. H. C. Wood,* found in some incomplete experiments 
an increase in the elimination of urea after repeated non-toxic doses 
of antimony. It is further reportcdf that autimonie acid or other 
preparations of the metal, when taken in half gram doses daily for 
about two weeks, cause a diminution in the amount of glycogen in 
the liver and even a total disappearance of it, and that the liver, kid¬ 
neys and heart undergo fatty degeneration. Grohe and Hosier'); 
have confirmed the latter and state that in the production of the 
famous fatty livers, a certain amount of the white oxide of antimony 
is fed to the geese daily. Aside from these facts, there appears lit¬ 
tle definite regarding the action of antimony on the physiology of 
nutrition. 

What we have, therefore, endeavored to ascertain in the present 
experiment is the influence of antimony on metabolism; or particu¬ 
larly, on proteid metabolism as manifested in the excretion of nitro j 
gen, sulphur and phosphorus. Previous experiments! have shown that 
potassium antimony tartrate has a noticeable retarding action on 
pancreatic digestion; we have not, however, deemed it best in the 
present experiments to use tartar emetic, as the ready solubility and 
diflusibility of tho compound might cause too rapid absorption and 
thus lead to speedy toxic action. In spite, therefore, of the fact that 
we have not made any experiments on the influence of antimonious 
oxide on digestive action, we have preferred to use the latter in the 
present experiments, because of its probable slower toxic action and 
also because it has been so extensively used as a means to induce, or 
to aid in the production of, fatty degeneration. 


* Therapeutics, Materia Medica and Toxicology, p. 15G. 

*) See Virchow’s Archiv., 1865, Band xxxiv, p. T8- 

■f Compare H. 0. Wood. Therapeutics, p. 161, 

§ Studies from this Laboratory, 1884-85, p. 105, 
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Our experiments were made on a setter clog, weighing 12*0 kilos. 
The animal was confined in a suitable cage, so that the excretions 
could be collected daily without loss. The food consisted of fresh 
beef and crackers, together with a suitable amount of water. The 
beef was prepared as follows : About, ft) lbs. of fresh beef, freed from 
fat, tendons, etc., was finely divided by passing through a sausage 
machine and then dried at a low temperature until it had lost about 
75 per cent., of water, and was in a condition suitable for preservation* 
50 grams of this preserved meat, together with 75 grains of the sam¬ 
pled crackers, soaked in 300 c.c. of water, were fed to the dog twice 
daily. The meat, as determined by Kjoldahl’s method, contained 
12*4 per cent, of nitrogen, while the crackers contained 1*9 per cent. 
Hence the dog was fed daily 15*25 grains of nitrogen. 

On May lltli, the dog was put upon this diet and from the 17th on, 
the 24 hours’ urine was collected daily and analyzed. After a period 
of two weeks, during which daily analysis of the urine had shown a 
fairly constant composition, antimonious oxide was added to the diet 
in the quantities indicated in the table of results; the diet of course 
continuing the same throughout the length of the experiment. 

We deemed it better, as well as more accurate, to measure the in¬ 
fluence of the antimony by a daily determination of the total nitro¬ 
gen, sulphur and phosphorus of the urine, rather than to attempt a 
determination of urea, uric acid, phosphoric acid, etc. Nitrogen, wc 
determined, according to the method of Kjeldahl,* modified slightly 
as suggested by Dr. E. II. Jenkins, of the Agricultural Experiment 
Station, viz: 5 c.c. of the acid urine were placed in along pear-shaped 
bulb and evaporated to dryness quickly on a water bath. The resi¬ 
due was heated directly over a small flame with 10 o.e. of pure con¬ 
centrated sulphuric acid and 0*7 gram of oxide of mercury, until oxi¬ 
dation was almost complete. Then, a little finely powdered potassium 
permanganate was added, to render the oxidation quite complete. 
The solution was then diluted, an equivalent amount of potassium 
sulphide added to convert the mercury into sulphide, and lastly a 
standard solution of sodium hydroxide, after which the ammonia was 
driven off by boiling and collected in standard acid. 

Total phosphorus and sulphur were determined as follows : 50 c.c. 
of urine were evaporated in a capacious silver dish with 10 grams of 
potassium hydroxide and 10 grams of potassium nitrate and the resi- 


* Neue Method© zur Bestimmung des Stickstoffs in organisolien Korpern. ZoHschrift 
fur analytiach© clienue, xxii, 366. 
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due heated carefully until the oiganic matter wab completely o\idized. 
The fused mass was then dissolved in water and diluted to 250 c.c. 
Of this, 100 c.c., representing 20 c.c. of the original mine, were used 
for the sulphur, while the second 100 c.c. were used for the 
phosphorous, determination. For sulphur, the LOO c.c. were acidi¬ 
fied with hydrochloric acid and evaporated to dryness on a water 
bath in order to remove all nitrate and nitrite. The residue was then 
dissolved in water acidified with hydrochloric acid, and the sulphuric 
acid precipitated with barium chloride in the usual manner. For 
phosphorus, the 100 c.c. were acidified with nitric acid, evaporated 
to dryness, the lesidue dissolved in water, acidified with nitric acid 
and the phosphoric acid precipitated with molybdenum solution. 
This precipitate was then dissolved in a dilute solution of ammonia, 
the phosphoric acid lcprecipitated as ammonio-maguesimn phosphate, 
and the phosphorus finally weighed as magnesium pyrophosphate. 
Chlorine was determined volumetrically in the usual manner, with 
a standard solution of silver nitrate, after destruction of the organic 
matter by fusion with potassium nitrate, etc. 

The results, expressed in grams per 24 hours, are shown in the ac¬ 
companying tables. The 24 hours’ urine repiesents the quantity piibsed 
from 0 a. m. of one day to 0 a. m. of the next. As, however, the ani¬ 
mal was not always regular in its passage of urine, it frequently 
happened that the quantity on one day would be very small, while on 
the next it would be correspondingly increased, without any change 
in specific gravity, and with a daily average corresponding to the 
normal, as for example on May 25th and 26th. 

In order, therefore, to obviate the difficulty which this irregularity 
tends to introduce into the results, we have added to the table a daily 
average of each three days results; a study of which shows plainly 
that antimonious oxide, in the present experiment at least, does 
not have any noticeable influence on the excretion of any of the ele¬ 
ments determined. Numerically, there is a slight increase in the 
amount of nitrogen excreted during the taking of the antimony, but 
the increase is noticeable only in the grand average and is altogether 
too small to be of much significance. Further, it ib to be noticed that 
the average for the two series does not show any corresponding in¬ 
crease in sulphur. If antimony causes an increased excretion of 
nitrogen, it means an increase in proteid metabolism, which should in 
turn give rise to an increased excretion of sulphur and phosphorus. 
It fa to be noticed in the daily results, that the excretion of sulphur 
nd phosphorus runs parallel with the excretion of nitrogen; an in- 



I 


acid. 

c. e. 

m 

1034*5 

i grams. 

10*526 

i 

gram 

0*6122 

gram 
( 0-5789 

acid. 

510 

1024*5 

10*949 

0*6587 

0*6289 

acid. 

' 469 

1027-5 

1 

j 11*898 

0*7355 

i 

0*6716 


480 

1025*5 

j 11*124 

| 0-6688 

0*6264 


ilkaline. 

470 

1023*5 

| 9*638 

0*5716 

0*5606 

acid. 

466 

1027*0 

11*904 

0*7118 

0*6953 

acid. 

468 

1029*5 

! 13*226 

i 

0*7646 

0*7738 


408 

1026-6 

11*589 

a*6826 

0*6765 


acid. 

406 

1030 0 

11*49*3 

0*6536 

0*6654 

add. 

392 

1027*0 

9*512 

0*5599 

0*6198 

acid. 

648 

1027*5 

16*294 

1*2396 

0*9709 


482 

1028*1 

12*182 

0*8177 

0*7518 


* On the 22d a portion of the urine was lost. 
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teaction. 

Volume. 

Sp Gr. 

Nitrogen 

Phosphorus. 

Sulphur 

acid. 

e c. 

430 

1029*5 

grams 

11*638 

gram 

0*7379 

gram 

0*6888 

add. 

414 

1028-0 

10*593 

0*6179 

0*6243 

add. 

455 

1028*0 

11*404 

0*7421 

0*6527 


433 

1028*5 

11*211 

0*6992 

0*6552 



acid. 

500 

1027*5 

13*254 

0*8469 

0*6860 

add. 

482 

1027*5 

12*724 

0*7753 

0*6593 

acid. 

414 

1028*5 

! 

11*102 

! 

0*6503 

0*5884 







I 


Olilorine. 


i Amount of 
Sfo 2 0 0 taken 


1 

gram 

0.7239 

1 

0-7203 

1 

0-5871 

0*6771 

. 

0-6720 


0-3792 


0-5126 

0 5.'J? 


0-4574 

0*7852 

0*9829 





Cliloiine. 

* Amount of 
S*> 2 0 3 taken. 

i 


gram 

0-6191 

| grains. 



I 

\ 

i 


0-5422 


0-5411 

t 

1 




Cl 



S 

0-5674 

i 

* 

i 

Go 

O 1878 

? 



0-3932 
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crease in the latter is always accompanied by an increase in the two 
former. In the graud average of the results, however, the slight in¬ 
crease in nitrogen is not accompanied by a corresponding increase in 
sulphur. In fact, the two series of results, indicate plainly that the 
antimony was without any material action. The total amount of an¬ 
timony given, 16 grains of the oxide during 13 days, was certainly 
sufficient in quantity to have exerted its peculiar influence if possessed 
of any. The antimony was certainly absorbed, and that too in con¬ 
siderable amount. Thus on the 11th of June the 24 hours’ urine con¬ 
tained 13*6 milligrams of metallic antimony; on the 17th, 22*4 milli¬ 
grams; on the 18tli, 17*6 milligrams and on the 20th of June, 15*1 
milligrams of metallic antimony. Those quantities of absorbed anti¬ 
mony would certainly indicate the presence of sufficient antimony for 
some decided influence on metabolic action, if any existed. The 
amount of nitiogeu excreted daily, is seen to be considerably below 
the amount of nitrogen ingested. We did not make daily examina¬ 
tions of the faecal matter, but such as were made showed plainly that 
the deficiency in nitrogen was contained mainly in the fames; thus on 
the 5th of June the 100 grams of faeces excreted, contained 2*42 
grams of nitrogen. At that date, the average amount of nitrogen 
excreted by the urine was 12*36 grams per day ; this amount, added 
to the fsecal nitrogen makes a total of 14*78 grams excreted, against 
15*25 grams ingested; a difference to be found mainly in the hair 
thrown off, and in part, in the ordinary errors of analysis. 

We must conclude, therefore, that small repeated doses of anti- 
xnonious oxide are without influence on the excretion of nitrogen, 
sulphur and phosphorus, and that consequently this compound, at 
least when taken in non-toxic doses, has no action on protoid meta¬ 
bolism. 



XX. — On Komis Metallic Compounds of Albumin and Miomn. 
By IS. LI. CiriTTNNDKN AND FIlCNUY II. WlIITKlIOCJhK, Pn.B. 


Evmh since Lieberktihn, in 1852, attempted to establish the molecu¬ 
lar weight of albumin by preparing ami analyzing the copper com¬ 
pound resulting from the action of a soluble copper salt on a solution 
of egg-albumin, various investigations have been published bearing 
on the nature ami composition of the compounds of albumin with the 
heavy metals. Before this time even, F. Rose, in 1833, had published 
an analysis of a copper compound of albumin in which he had found 
from 1*50 to 1*70 per cent, of cupric oxide, and Mitseherlich, in 1837, 
published an analysis of a similar albumin compound, in which he 
found from 2*8 to 3*3 per cent, of cupric oxide, while Lieberk film's 
compound contained 4*0 percent. OnO, Compounds of albumin with 
other metals have also from time to time been prepared, such as zinc, 
lead, silver and mercury, and in one or two cases provisional formula* 
have been given. The results, however, are to be considered as 
quite uncertain, Willi platinum chloride a compound appears to 
have been formed* of somewhat more certain composition. Aside 
from the more recent experiments of Rifcthausenf on the vegetable 
albumins (gluten-casein, legumin, etc.), egg-albumin lias been the 
chief albuminous body experimented with, and copper the main 
metal. 

Recent work by one of us (0) on the albumose and globuloso 
bodies, together with work on the products formed from casein and 
myosin, has led to a partial study of the metallic compounds of these 
bodies. As a preliminary, however, we found it necessary to study a 
few of the compounds of egg-albumin, and as the results thus obtained 
were not in accord with the more recent results of IlariHuikJ we have 
continued our work with egg-albumin and with myosin, the results 
of which we now present. 

* Hoe Oommnile, Monitour Sclentifique, I860, and Fuchs, in Annalm dor Oliwnio, 
vol. oli, p. 372, 

1 Die Kiwoisskorper dor Gotreidoarton, etc. Journal fiir prakt, Chein., vol.xii, p. SCI. 

t Untorsnohnngon ubor die Kupfervorbindungon dos Albumins, Zoitsohrift hir yhy- 
sriologisehe Ohemie, vol. v, p. 108. 
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I. Egg-albumin. 


(a) Copper Compound ». 


In looking over the literature of the subject, it becomes evident at 
once that the older investigatory owing either to the nature of the 
compound, to adherent impurities or to faulty methods, were not 
able to obtain concordant results, since the copper compound of egg- 
albumin, as prepared and analyzed by six distinct investigators, was 
found to contain from 1*50 to 5*19 per cent, of CuO. In all of these 
cases the preparation of the copper compound was essentially the 
same; a solution of egg-albumin was precipitated with a solution of a 
copper salt, the precipitate collected, washed thoroughly with water, 
dried, and the copper determined by simple ignition. Naturally this 
method, as suggested by Harnack, might be expected to give too 
high results, since the copper precipitate would unquestionably re¬ 
tain considerable of the inorganic matter of the albumin. Treated in 
this manner, however, P. Rose,* as already stated, found the copper 
compound to contain from 1*50 to 1*69 per cent, of OuO. Mitschcr- 
lich,f who held that the copper precipitate was a compound of ogg- 
albumin with the copper salt, found in his preparations 2*8-3*3 per coni. 
CuO, while Bielitzki,J who demonstrated that the precipitate was an 
actual compound of albumin with cupric oxide, found in bis preparations 
4*75-5*20 per cent, of CuO. Lassaigne, as quoted by ITarnack, found 
4*95 per cent, of CuO, Mulder§ 4*44 per cent., while Lieberkfilm’s|| 
preparation contained 4*6 per cent, of CuO. Further, Ritthausen’s 
copper compounds of the vegetable albumins were found to contain 
from 1T5 to 17*0 per cent, of CuO. These results collectively, would 
therefore seem to indicate that when egg-albumin is precipitated by 
a soluble copper salt, the resulting compound docs not contain a defi¬ 
nite proportion*of albumin and cupric oxide, or else that there are a 
large number of albumin-copper compounds. More recently, how¬ 
ever, E. Harnack,f from analysis of fifteen separate preparations, 
comes to the conclusion that there are two distinct compounds of 
albumin with copper; one containing 1 *35 per cent, of Ou, the other 
2 64 per cent, of Cu, indicating as Harnack suggests, a copper albu¬ 
minate in the first case of the formula C 9#4 U tao N w O M S 9 Cu, in which Ou 
replaces two atoms of hydrogen in the albumin molecule, and in the 
second case, an albuminate of the formula O 904 H, 1B N w O ac S 9 Cu 9 , in 


* Poggendorffs Annalen, vol. xxviii, 1838. 
t Dissertation, Dorpat, 1853. 

9 PoggendorlFs Annalen, vol. IxxxVi, 1852, 


f Muller’s Arohiv. tor 1837, p. 91, 
§ Phyaiologiseho Ohemio, 1814-51. 
1 Loc, oi t. 
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which two atoms of Ou replace four of hydros on. The icsults ob¬ 
tained by this investigator would certainly seem to wairant this eon 
elusion, for the analytical data of the different preparations show but 
slight variations ; 1-34 — 1*37 percent, in the one case, and 2* IS—2*71 
percent, in the other. Further, Ilarnaek worked with neaily ash Ireo 
preparations, the compounds after their fust precipitation ami wash 
ing being dissolved in sodium carbonate and reprecipitatcd b;y care¬ 
ful addition of acid. By repeating this process several times, the aslt 
of the preparation was almost entirely removed, while the relathe 
proportion of copper and albumin was not affected. As to the condi¬ 
tions which determine the foimation of oue or the othei compound, 
there seems to be little definite other than that in general, the com¬ 
pound with smaller content of copper was obtained wdien the precipi¬ 
tation took place in the presence of a slight eveess of albumin, and 
the compound with larger content of copper when in the presence of 
an excess of the copper salt. Tn no case were the copper •salt and albu¬ 
min solutions mixed indefinite proportions, yet in every case one of 
the two compounds was formed; further, Ilarnaek states that when 
an amount of copper salt exactly sufficient to form the albuminate 
is added to a given quantity of albumin, no precipitate results; in 
other words an excess of the copper salt is necessary to insure a 
separation of the compound. 

Uarnack’s results, therefore, differ from those ol the preceding in¬ 
vestigators in that definite compounds appear to have been formed in 
every case, and further, in that the compounds contain a lower per¬ 
centage of copper than found by auy other investigators aside from 
F. Rose, This latter, it will be remembered, found 1*50-1*00 per 
cent, of CuO; 1*60 per cent, being equal to 1 *iH per cent, of Ou, one of 
the percentages found by Ilarnaek. Ilarnaek further states that the 
average of the analyses made by other investigators, aside from Rose, 
show about 4*4 per cent, of OuO, and assuming that the various prep¬ 
arations contained an amount ol ash equivalent to about J per cent, 
(which amount Ilarnaek found in his preparations before purification) 
the percentage amount of cupric oxide Would be reduced to about «*N 
=2 *1 per cent, Cu, or the amount found by Ilarnaek in his highest cop¬ 
per compound. But as Rose’s preparation was made by the simple ad¬ 
dition of an aqueous solution of ogg-albumin to the copper salt and the 
copper determined as oxide by simple ignition, it would seem neces¬ 
sary to make the same deduction of 1 per cent, also in this case, 
which would make Rose’s compound contain far less OuO than found 
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by Harnack. Further, Rose* found that the serum of ok blood 
yielded a similar compound with cupric sulphate, which contained 
only 1-14 per cent, of CuO or 0*88 per cent, of On. lienee there 
would seem to be little in those earlier investigations to substantiate 
the results obtained by Harnack. Morner,] however, working with 
alkali-albuminate, found that on precipitating a solution of alkali-al¬ 
buminate with cupric sulphate, in the presence of an cxeess ol alkali, 
he obtained a copper albuminate containing a percentage of cupric 
oxide corresponding closely with that found by Lieberkdhn. When, 
on the other hand, he precipitated a nearly neutral solution ol alkali- 
albuminate with cupric sulphate, then the percentage ol copper in the 
copper albuminate amounted to only ono-third that found by Lieber- 
kUhn, or an amount about equivalent to that found by Harnack in his 
lowest copper compounds. Morner further found that by precipitat¬ 
ing a calcium albuminate solution with cupric chloride, the albumin¬ 
ate combined on an average with 2-33 per cent, of CuO, or just one- 
half the amount required by Lieberkuhu’s formula, and considerably 
less than the amount contained in Ilarnack’s largest copper com¬ 
pounds. 

Preparation of the albumin solution .—In our experiments it was 
thought best, as far as possible, to avoid exposing the albuminate to 
the action of alkalies, hence especial care was taken to prepare 
the egg-albumin as free from salts as possible, so that it would not 
be necessary to purify the albuminate by reprecipilation. The whites 
of a large number of eggs were finely divided by scissors and by 
shaking with glass, then mixed with an equal volume of water and 
thoroughly shaken with air, after which the solution was strained 
through cloth. Globulin was then precipitated by the addition 
of dilute acetic acid (the acid added as long as a precipitate 
formed), the solution finally filtered through paper, after which the 
filtrate was made exactly neutral with sodium carbonate and again 
filtered. The fluid so obtained was then dialyzed in running water 
for many days, a little thymol being added to prevent putrifaetion. 
The fluid finally obtained was perfectly neutral, clear and contained 
but a small amount of inorganic salts. 

Informing the albuminate we employed both cupric acetate and 
cupric sulphate, using in each case the same volume of albumin solu¬ 
tion, but varying the amount of copper salt, The copper salt was 
generally added as long as a precipitate formed. The albumin- 


* Loc. cit., p. 139. f Jahresbericht fur Thiorohomty 187*7, p s. 
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ate was washed on a pump with water, until no reaction could he 
obtained with potassium ferrocyanido for copper or with acetic acid 
and potassium ferrocyanidc for albumin. The preparations were 
dried at 100° then powdered and further dried at 110° 0 ., until of 
constant weight. The percentage of copper was tirsl determined by 
simple ignition and weighing as euprie o\ide. The oxide was them 
dissolved in dilute nitric acid, the copper precipitated as sulphide with 
hydrogen sulphide and weighed as suhsulphide by ignition in hydro¬ 
gen gas with a little sulphur. Each series was made from a distinct 
preparation of albumin and nearly every compound made, was 
analyzed in duplicate. 

Following are the analytical results: 

SUHIlflS I. 

With CuS() 4 . 

No. Ain't sub. taken. Wt. Out). Per coni. Cu. Wt OiiaS. Per emit. (In 

1 a 0*5621 gram. 0*0081 gram, 143 0*0070 gram. 0*07 

h 0*5176 0*0078 149 0*0065 0*08 

With <hl((J tt n a O t ) a . 

2a 0*5479 0*0088 i*27 

b 0*5708 0*0091 1*26 0*0078 1*08 

SaiUHH IF. 

With CuS0 4 . 


la 

0*5273 gram. 

0.0067 gram. 1*00 

0*0053 gram. 0*70 

b 

0*7075 

0*0083 0*98 

imOa(C s II,O a ), 

0*0068 

0*76 

2a 

0*6097 

0-0081 

1*13 

0*0071 

0*08 

b 

0*5005 

0-0078 

14B 

0*0061 

0*05 


Sbrihb Iir. 

With 0u$0 4 . 

la 0*6285 gram. 0*0085 gram, 1*07 _ .... 

b 0*6705 0*0091 1*07 0*0088 gram. 1,04 

With Ou(OJI t () s ) t . 

2a 0*8802 0*0180 1*24 

b 0*9400 0*0151 1*27 

.10 


Trans. Conn. Acad., Vol. VII. 


Nov., 1886, 
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SERIES TV. 


With Cum,. 


No 

Lmt. snb taken. 

wi ruo 

IVr coni. Cw 

\\{ OuS. I’M 

i\ nt 


0*3021 gram. 

0-0047 gn 

mi. 1*03 

0*0038 gram. 

0 h3 

h 

0*3478 

0-0046 

1-03 

0*0030 

0 89 


0*4818 

0-0000 

1-08 

0-0010 

0*71 

b 

0*3288 

0*0047 

M3 

0*0033 

0-78 

3 a 

0-4083 

0-0000 

1*15 

o-oo n 

0-90 

b 

0-4333 

0*0004 

i-n 

0*0053 

0*96 

4 a 

0-3874 

0-0047 

1*00 

0*0043 

0*97 

b 

0-4289 

0-0063 

1*14 

0*0050 

0-90 



With C 

Men, oj. 



r>u 

0*0358 

0-0090 

Ml 

0-0073 

0*91 

b 

0-5147 

0-0071 

1-08 

0*0064 

0*99 

6a 

0-5321 

0-0075 

M2 

0-0065 

0*95 

b 

0*5125 

0-0073 

M3 

- 


7 « 

0-7260 

0-0125 

1-80 

. 


b 

0-6916 

0-0120 

1-37 

0-0100 

1*15 


Series V. 

With CuSOj, 

la 0-4838 gram. 0-0083 gram. 1-86 0-0074 gram. HI 

b 0*5083 0-0001 1-41 

Tmou^yi.o,), 

0*5044 0-0085 1-32 

b 0-5043 0-0084 1-33 

From the analyses of these 15 preparations it is to bo soon lliat tho 
percentage amount of metallic copper, determined as oxide by simple 
ignition, amounts on an average to 1-17 per cent. When, however, 
the copper is determined as subsulphidc, by precipitation with hydro¬ 
gen sulphide, and thus obtained free from ash, tho percentage amount 
of copper falls on an average to 0*94 per cent. Cu. The preparations 
thus contain 0-23 per cent, of ash. We were not able to obtain 
any copper compounds with a much smaller content of ash than this, 
except by the use of methods which appear to affect the composition 
of the compound. 
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Ilamaek states* that, ho was able to obtain tho copper albuminate 
quite free from ash by dissolving the freshly precipitated albuminates 
after it had been thoroughly washed, in sodium carbonate, Hit (‘ring 
and repreeipiloting the compound by careful addition of acid. By 
repeating this process several times the adhering inorganic matter 
was entirely removed. It seemed questionable, however, whether 
this treatment might not induce some alteration in the compound. 

The two following series of experiments were tried with the inten¬ 
tion of throwing some light upon this point. 


SnittKH VI. 
With OuSOj. 


No. 

Ain’t sub. taken. 

Wt. OnO. IVrmit ('ll. 

Wl. ,'uiS. I\«r mil. Cn. 

1 a 

0*0320 gram. 

0*0091 gram. 

1-15 

0*0080 gram. 

0*99 

b 

0*6930 

0*0099 

1*13 

0*0086 

0*98 

2a 

0*5428 

0*0077 

1*13 

0*0070 

1*01 

b 

0*5131 

0*0077 

1*19 

0*0061 

0*95 

3 

0*3146 

0*0080 

3*03 

0*0068 

1*71 



H7//, (MC ’UU- 



4 a 

0*6105 

0*0085 

Ml 

0*0075 

0*96 

h 

0*5836 

0*0078 

1*06 

0*0073 

0*99 

r>« 

0*5996 

0*0087 

1*15 

0*008! 

1*06 

b 

0*5592 

0-0082 

M6 

0*0009 

0*99 

6 

0*4139 

0-0131 

3-51 

0*0115 

3.19 


In this series of experiments all of the preparations, as before, were 
made from the purified albumin. Nos. 1, 2, 4 and 5 were, after pre¬ 
cipitation, simply washed with water until tho washings gave no reac¬ 
tion either for copper or albumin. No. 3, after being washed in a 
similar manner, was dissolved in very dilute sodium carbonate and ro- 
precipitatod by neutralization with dilute hydrochloric acid. No. 0 
was dissolved up twice in this manner and both preparations were 
finally washed free from chlorine. A glance at, the analyses shows 
plainly that this treatment 1ms tended to increase the percentage 
amount of copper in the albuminate; due, doubtless, cither to with¬ 
drawal of a portion of the albumin by the sodium carbonate, or else 
to a partial dissociation of the compound by tho long continued wash¬ 
ing with water. 

The first reprocipitation has apparently increased the amount of 
copper in tho compound fully 0*7 per cent., the second reprecipita¬ 
tion 0*6 per cent. more. 


* Lot*, cit., p. 202. 
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Series VTI. 
With 0uS0 4 . 


No. 

Am’t sub. taken. 

Wt. OuO Per coat. Ou 

Wt Ou.S. Percent Ou. 

la 

0*6326 gram. 

0*0091 grant. 

1*13 


- - 

b 

0*6150 

0*0080 

HO 

- 


2a 

0*4054 

0*0081 

1*60 

0-0003 gram. 

1*23 

b 

0*4995 

0*0091) 

1*58 

0*0014 

WO 

3 a 

0*3870 

0*0068 

1*39 

0*0049 

1*02 

b 

0*8702 

0*0066 

1*40 

- 

... 



With Ou(0,IL,OJ 1 . 



4a 

0*6175 

0*0085 

1*08 

0*0071 

0*95 

b 

0*6069 

0*0082 

1*07 

0*0077 

1*00 

5 a 

0*3282 

0*0072 

1*78 

0*0055 

1*34 

b 

0*3755 

0*0083 

1-75 

- 


6 a 

0*7503 

0*0182 

1*30 

0*0104 

1*10 

b 

0*7016 

0*0121 

1*38 

. 



This series was prepared in the same manner as the preceding. 
Nos. 1,3, 4 and G were simply washed with water, while No. 2 was 
reprecipitated once and No. 5 twice, and both ultimately washed free 
from all soluble matters. The results show here the same increased 
percentage of copper, although not so marked as in the preceding 
series, when the albuminate is dissolved in sodium carbonate and 
re'precipitated. Further, the percentage of ash is not, as a rule, 
materially changed by this process; thus in No. 2, where the albu¬ 
minate was reprecipitated once, the difference in the percentage of 
copper as determined by simple ignition and by precipitation as 
sulphide, amounts to 0*37 per cent., while in No. Ocr, where the 
compound was not reprocipitod at all, the difference is exactly the 
same. 

In precipitating the albuminate, there is formed in the fluid tv 
small amount of either sulphuric or acetic acid. IIurnack, to avoid 
this, states that it is better, after adding the necessary amount of cupric 
sulphate to the albumin solution, to exactly neutralise the mixture with 
sodium carbonate. If, however, the greatest care is not exercised and 
excess of cupric sulphate avoided, even partial neutralization of the fluid 
will result in the precipitation of a portion of the copper and thus 
show an apparent increase in the copper of the albuminate. So far, 
however, as our results show, the small amount of sulphuric aeid libera¬ 
ted in the formation of the albuminate does not affect the character 
of the compound. In the following series, after each precipitation, 
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ihe mixture was made ns near neutral iti possible with dilute sodium 
carbonate and the compounds then filtered and washed thoroughly 
with water. The copper in tins series was determined simply by 
ignition. 

Swain-. VIII. 


With OuSO,. 


No 

Ain’t sub taken. 

Wt. (’u(>. 

Pi 1 < (Mil Oil 

U 

0*4273 gram. 

0.0068 gi am. 

1*26 

b 

0*3867 

0*0063 

1*20 


0-3167 

0*0040 

1*23 

b 

0-3535 

0*0052 

1*18 

3</ 

0-2418 

0*0030 

1 *00 

b 

0*3070 

0*0039 

1*00 

4a 

0*0210 

0*0138 

1*78 

b 

0*1001 

0*0158 

1 78 


The results plainly show no appreciable difference in tin* composi¬ 
tion of the albuminate under this change in the conditions, unless in 
No. 4 where a larger amount of copper ik found than usual. It is our 
opinion, however, that the small amount of acid liberated by the re¬ 
action is not sufficient to cause any especial change in the character 
of the albuminate; neither, probably, does very dilute sodium carbon¬ 
ate in itself change the substance to such an extent that on neutrali¬ 
zation it is not precipitated in nearly its original form, or at least that 
the action in this case is not any greater than that produced by water 
alone. In fact we are much inclined to tho view that the long continued 
action of water will gradually but surely affect the composition of the 
albuminate, and that doubtless the change in the composition of the 
compound noticed in our experiments on solution of the substance in 
sodium carbonate and reprecipitation is due to the combined action 
of tho alkaline fluid and of water. Ilarnack states that week-long 
treatment of the freshly precipitated albuminate with water will 
gradually cause dissociation of the compound, but that it can he easily 
and thoroughly washed without any decomposition whatever. 

Our experience, however, loads us to question the coi redness of 
this vi,ew. Ordinarily, it has taken us an entire day to completely 
wash the freshly precipitated albuminate, so that the wash-water 
should give no reaction whatever for copper or albumin. In precipi¬ 
tating the albumin solution with cupric sulphate, the albumin never 
appears to be completely precipitated and at tho same time, as I far* 
uack has observed, it is necessary to add more than tho proportional 
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amount of copper salt to obtain any separation of the albuminate. 
As a result, the filtrate contains considerable albumin ami copper, but 
even after several hours washing on the pump (the filtration is slow 
at the best) the precipitate still gives up traces of albumin, as shown 
by acetic acid and potassium ferrooyanido, long after all traces of 
copper have disappeared. It is not impossible to wash the compound 
and reach a point where the wash-water contains neither copper nor 
albumin, but when the washing goes on slowly and the water remains 
more or less in contact with the albuminate for 21 hours, then fre¬ 
quently the washings will show traces of albumin continuously, with¬ 
out our being able to reach a point where the test fails to give any 
reaction whatever, or to show any special change in the intensity of 
the reaction. 

The following series of experiments would appear to substantiate 
this view. The first six were washed for about twelve hours, when 
no copper reaction could be obtained in the washings and only the 
slightest reaction for albumin. The last six wore washed for sixteen 
hours, and finally stood over night on wet filters with more or less 
water on them. At the end of this time, tho washings continued to 
show a reaction for albumin with acetic acid and potassium lerro- 
cyanide, and indeed the reaction appeared to increase rather than 
diminish in intensity on further washing. The washings contained 
no copper. 

Following are the results of the analyses: 


Series IX,— With OuH() t . 


No. 

Amt. sub. taken. 

Wt. Out). 

lVr mil. Tu. 

1 

0*4207 gram. 

0*0052 gram. 

0*99 

2 

0*4670 

f 0*0058 

0*98 

8 

0*4881 

0*0002 

1*00 

4 

0*3162 

0*0087 

0*91 

5 

0*2882 

0*0082 

0*89 

6 

0*18157 

0*0024 

1*08 

7 

0*2892 

0*0050 

1*34 

8 

0*4187 

0*0060 

1.13 

9 

0*4077 

0*0060 

1.18 

t 


With ou(o,ir,oj a . 


10 

0*6067 

0*0126 

1*64 

11 

0*6889 

0*0111 

1*27 

13 

0*7126 

0*0109 

1*33 
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While the difference in not very great, it is a constant dillorerioe, 
and it is to he remembered that the last six compounds differ in no 
respects whatever from the first six, except in being subjected to the 
longer action of water. 

Tn comparing now these different results, it is seen that wo have 
not been able to obtain a copper albuminate with a higher content 
of Cu than iMt) per cent., and this only as a result of two repreeipi- 
tations; a condition, which, from our (experience, tends to alter mate¬ 
rially the composition of the original precipitate. The average of 
the results obtained by simple precipitation, show a content of 0*01 
per cent, of (hi. A study of the individual results, however, shows 
too great a variation to believe wholly in the existence of a single, 
stable copper albuminate. Kither there are one or two definite com¬ 
pounds, which, being more or less unstable, are prone to change under 
varying conditions and thus give rise to the variations in the content 
of copper noticed, or else there are a number of definite compounds 
liable to be formed as the conditions are varied, all of which, how¬ 
ever, must he more or less unstable. Glancing over the individual 
results, it is plain that an amount of On approximating to 0d)0 per 
cent, is found altogether too frequently to be the result of chance. 
Doubtless this figure represents most closely the content of copper in 
the ordinary copper albuminate obtained by simple precipitation, 
while the majority of the variations from this figure are due mainly 
to dissociation. 

Taking Lieberktihn’s formula of albumin, the following copper 
albuminates would be possible: 

{CV/FlnaNi hSO» a)a -sOu-IIassI *29 per cent. Cu. 

(C7 u E f n aN i kBOjiu)* + Cu - 11*4=0 *96 “ “ “ 

For the first, in which LioberkUhn’s formula for albumin is treb¬ 
led, the percentage of copper corresponds nearly to the lowest results 
obtained by Uarnaok, while in the second formula the percentage of 
copper accords closely with the average of our results. Whether 
the weight of the albumin molecule is represented more nearly 
by the second formula than by the first we have not sufficient data to 
determine, but certainly our results with the copper albuminate show 
a lower percentage of copper than would correspond with the first 
formula. Further, it would appear that the copper albuminates arc 
readily prone to change under slight provocation and that this point, 
in part, undoubtedly explains the reason for the great variation in 
the results obtained by so many workers. 



312 


Chittenden and Whttehome—JSIetaJUe 


(b) Lead Compounds. 

Lieberkuhn* states that the lead salt of albumin cannot bo obtained 
puio; that the insoluablc precipitate formed by the addition of either 
lead nitrate or basic load aectato to a solution of albumin, is simply a 
mixture. With basic lead acetate, Lioborktihn obtained a precipitate 
containing 1Y*H0 per cent, oflead oxide, while the precipitate formed 
with lead nitrate contained 12*78 per cent, of lead oxide. 

With piotein, Mulderf obtained precipitate* on the addition of 
neutral lead acetate and lead nitrate, which contained respectively 
12*45 and 12.08 per cent, of lead oxide, while basic lead acetate gave 
a precipitate containing 30*63 per cent, of lead oxide. Berzelius[ 
states that neutral lead acetate precipitates both albumin and blood 
serum, but that the greater portion of the albumin remains dissolved 
in the fluid united with acetic acid. Bash* lead acetate on the other 
hand precipitates the albumin completely. 

These last statements accord with our own results; with a neutral 
lead salt only a small precipitate was obtained, the compound being 
soluble apparently in both excess of the lead,sail and of albumin, 
while with basic lead acetate the albumin seemed completely precipi¬ 
tated. 

Further, Berzelius! states, on the authority of Mulder, that if a 
solution of potassium albuminate be made as neutral as possible with 
acetic acid and then precipitated with lead nitrate, the* lead albu¬ 
minate so obtained contains on thorough drying 5*84 per cent, of 
lead oxide. 

Following are some of the results of our analyses. The compounds 
were made from thoroughly dialyzed albumin and were washed free 
from both lead and any excess of albumin. The preparations were 
dried at 110° C. until of constant weight and the load was deter¬ 
mined first by simple ignition, with addition of a little ammonium 
nitrate. The lead oxide, after being weighed, was then dissolved in 
dilute nitric acid, the solution evaporated to a small volume, fclm load 
precipitated with a little sulphuric acid, two volumes of alcohol added, 
and the lead sulphate finally filtered and washed with 95 per cent, 
alcohol. The sulphate was then ignited with proper precautions and 
from the weight obtained, the percentage of lead again calculated. 


* PoggendorfTs Annalen, Band lxxxvi, p. 124 

\ Lehrbuch dor Chemie, Berzelius, ix, p. 29. f Lohrbuch der Ohomie, ix, p. 43. 
| Lehibuch, ix, p* 49. 
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Skkikh 1. 


117/// neutral lead an fat*. 


No. Ami. Sul>. taken. 

\VL Pbo. Per 

-coni. I’ll. \\l PliSO,. 

Per ccni. 

la 

0-1973 ftram. 

. 0-0188 gram. 

3-19 

0-0309 Alum. 

3-H5 

b 

0-3992 

0-0150 

3-48 

0-0100 


2-80 



Skuh*> 

II. 






With neutral lead acetate 




\a 

0-5341 

0-0183 

3-16 

0-0210 


2-rr> 

b 

0-5381 

0-0108 

3-40 

0-0223 


3-80 



With basic lead acetate. 




2 a 

0-5832 

0-0460 

7-30 

0-0580 


0-77 

b 

0-5008 

0-0391 

7-23 

0-0-187 


0-02 


Sriuks III. 

With neutral lead acetate* 

1 a 0-8057 ‘ 0-0202 3-01 0-0274 2-33 

b 0-6532 0-0211 2*08 0-0326 2*36 

With basic lead acetate. 

2 a 0-7290 0-0593 755 0*0015 5-74 

b 0-7630 0-0631 7-66 0*0009 5-45 

Kkuikk IV. 

With neutral lead acetate. 

la 0-4131 0*0152 3*43 0*0136 2*25 

6 0*4823 0*0176 3*37 0*0178 2*50 

With baste lead acetate. 

2 a 0*7234 0*0651 8*34 

b 0-5305 0-0482 8-33 ..... 


Skrikh V. 

With a large, access of basic lead acetate . 


la 

0*6822 

0*3119 

28-81 

„ „ .. „ 


b 

0-5420 

0-1714 

39*28 

m m m <* «*• 

_ 

2a 

0*5836 

0*1933 

30*50 

... .. 

.... 

b 

0*5913 

0-1960 

30*70 

.. - 

» ... 

3 a 

0*5478 

0-1896 

32*11 


u 

b 

0*5427 

0-1878 

32*02 


mmrnm 


Thanh. Conn. Acad,, Vou VII. 40 Nov., 1880. 
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These results plainly indicate that more tlmn one compound of 
lead is formed, especially so with basic lead acetate, the composition 
being dependent in this case on the amount of lead salt added. With 
neutral lead acetate, the variations in composition are not so marked 
and as it is hardly possible to prepare 1 a lead albuminate free from 
salts, or to eliminate them wholly in the calculations, it is quest ion- 
able how far the results should be trusted, except in a general way. 

The formula (CJI m N IH SO ^^Pb-TI, would require if-lo per 
cent. Pb, while (C t ,lI lu N 1M flO J .),,+ Pb—ll 9 would require 2%*i0 per 
cent. Pb. Tn the ease of the albuminate formed with basic lead 
acetate, it is to he noticed that the compound made by the addition 
of a large excess of the load salt, contains about five times ns much 
lead as the ordinary basic lead compounds. 

(c) Iron Compounds* 

F. Rose* has made iron albuminate, both from egg-albumin and 
from the serum of ox-blood, by the simple addition of ferric chloride 
to the albumin solution. Two preparations made from egg-albumin 
yielded respectively 2*70 and 2*M per cent, of ferric oxide. Rose 
found the albuminate, when freshly precipitated, easily soluble both 
in excess of ferric chloride and in excess of the albumin solution. 

Our preparations were made wholly from dialyzed albumin, and 
when so prepared and thoroughly washed the compound was found 
almost wholly free from adhering salts, so much so that after a 
few trials we deemed it unnecessary to make the determinations 
of iron other than by simple ignition and weighing as ferric 
oxide. 

Following are some of our results: 

Kkmms l. 


IVttA Ke.,()l fl . 


No, 

Amt. sub. fnkwi. 

Wt. Htt.O* 

Per <H*uti. I<V 4 0|. 

IN»r cent. Ko. 

la 

0*7038 gaum. 

0 0004 grant 

1*38 

0*02 

b 

0-0430 

0*0080 

1*83 

0*98 



Skkiks n. 



la 

0-4683 

0*0052 

HI 

0*70 

b 

0*8854 

0*0042 

1*08 

0*75 


*Po£gondorIFH Annalen, xxviii, p. 140, 1883. 
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Skhiks III. 


No. 

Ami. sul>. taken 

Wt. I<V <>,. 

IVr mil. Ko. i),. 

IVr (vnl 

I a 

o*mo 

0*0071 

1 *50 

1*01 

b 

0*5320 

0*0083 

1 *55 

1*08 

2u 

o*7ii87 

0*0100 

1*36 

0*01 

b 

0*6355 

0*0087 

1 *36 

0*01 



»S Hit IKS IV. 



Ut 

0*1862 

0*00611 

1*30 

0*00 

b 

0*5558 

0*00711 

1*111 

0*01 

2 a 

0*5115 

0*0070 

1*116 

0*05 

b 

0*4051 

0*0066 

1*113 

0*02 

3n 

0*1505 

0*0003 

1 *30 

0*07 

b 

0*1610 

0*0066 

M3 

0*00 

4 a 

0*4817 

0*0071 

1*17 

1*01 

b 

0*4571 

0*0065 

HI 

0*08 

5 a 

0*4810 

0*0065 

1*34 

0*03 

b 

0*11816 

0*0051 

1*33 

0*011 

Orr 

0*4086 

0*0050 

1*15 

1*00 

b 

0*111102 

0*0048 

HI 

0*07 

7« 

0*11814 

0*0030 

1*32 

0*01 

b 

0*4107 

0-0053 

1*20 

0*00 

tot 

0*4452 

0*0058 

1*30 

0*01 

b 

0*48311 

0*0065 

1*31 

0*02 


Those results show a fairly close agreement with one single excep¬ 
tion, in which ease the percentage of iron is nearly 0*25 below the 
average. The average percentage, moreover, of ferric oxide is just 
about 0110 -half that found by Rose. Further, the average percentage 
of iron (Fo) corresponds very closely wit h the average percentage of 
Ou in the copper albuminate. Eliminating one compound with only 
0*75 per cent, of iron, the average content is seen to be 0*05 percent. 

((^ullnaNjhBOaa)* I Fo Ib ( ss0*80 per cent. I<V. 

((!?#!bti^ I»e lljissl*l4 jwir cent. I^'e, 

As the iron was determined by simple ignition it would be ex¬ 
pected that the amount found would exceed tin* theoretical amount 
somewhat; hence the first formula, assuming Lieberknhn’s formula 
to be correct, would bo more closely in accord with our results. The 
results obtained indicate further, that the iron albuminate is a much 
more stable compound than the copper albuminate, less liable to 
change and less readily affected by water. 



316 Chittenden and Whitch ohm—M etallic 

(d) Zinc Compounds. 

With zinc we made but a few experiments and those mainly to see 
whether the low percentage of iron found in the iron albuminate 
would be substantiated by a corresponding percentage of zinc in the 
zinc albuminate. Lioborktlhn has prepared and analyzed a zinc 
albuminate, made by the action of zinc sulphate on a neutral solu¬ 
tion of alkali albuminate, and he found the compound to contain 1*00 
per cent, of zinc oxide. 

Our preparations were made by the action of a similar zinc salt on 
a solution of purified and dialyzed albumin. Following are the 
results obtained with two preparations made from two distinct lots 
of albumin: 

No. Amt. aul). taken, \\ r t. ZnO. L’er rent. Zn(). I’or coni. Zn. 

la 0*2434 gram. 0*0031 gram. I *3*7 0*98 

b ‘ 0*2838 0*0034 1*31 0*97 

2a 0*2166 0*0023 1*00 0*83 

b 0*2364 0*0035 1*08 0*86 

The average of these two results shows a composition proportional 
to that found in the case of the iron albuminate and suggests plainly 
that if we have to deal in these cases with a single albuminate of 
constant composition, the percentage amount ot metal is much 
smaller than formerly was supposed. 

Further, the percentage of zinc found accords closely with the 
theoretical amount for a zinc albuminate formed on the type of the 
copper compound. 

(C-s gHuuN i bSOy-j) i +• Zn—HyrsO'OQ per cent. 3fin. 

(e) Uranium Compounds. 

N. Kowalewsky* has recently called attention to the use of umui<< 
or uranyl acetate as a reagent for albuminous matter, and has shown 
that it is not only a good precipitant of albumin at ordinary temper* 
aturcs, but also that it is an extremely delicate one. Further, 
Kowalewsky states that the uranyl-aibumin compound on ignition 
leaves a dark, olive green ash, composed of the gre.cn uranoso-urnnio 
oxide, U # 0 B . A determination of the amount of this ash in several 
preparations showed 12*09 to 13*4 per cent., presumably of U 8 0 8 . 


*Essigsaures Uranoxyd, eiu Reagens aul Albummstoffe. Zoitschrift fUr Auaiy- 
tische Ohemie, 3386, p. 653. 




< ’ohipotfw/ti of . I fhtnnhi urn? ftlt/oxht. 81 7 

Our preparations were made by adding urcmyl nitrate 1 to the pre¬ 
pared all)umin solution and washing the precipitated allnuninate 
until all excess of uranium was removed. The uranium in the dried 
preparation was determined as uranoso-uranic o\ide (11,0,) by simple 
ignition. The results show a fairly close agreement, but. they art* 
undoubtedly somewhat too high, owing to a small amount of 
adherent ash. 


With U<) a (N(),),. 


No. 

Amt Mib. taken. 

VR 11,0* 

Per rout. 11 jOh. 

Per <‘out. 11, 

Uf 

0*5980 gram. 

0*0321 gram 

5*11 

‘ 4*59 

b 

0-5103 

0*028 L 

5*41 

1*59 

2 a 

0*8219 

0*0428 

5*20 

4*11 

b 

0*8081 

0*0418 

5*17 

1*38 

3a 

0*4303 

0*0251 

5*71 

4*81 

b 

0*5380 

0*0303 

5*68 

4*81 

4 a 

0*8183 

0*0487 

5*82 

4*43 

b 

0*7576 

0*0394 

5*20 

4*41 

5 

0*6985 

0*0367 

5*25 

4*46 

(to 

0*4269 

0*0217 

5*78 

4*90 

b 

0*5196 

0*0313 

5*70 

4*83 


These results plainly do not accord at all with Kowalowsky’s. On 
the other hand they do agree fairly well with each other, and would 
seem to indicate a reasonably constant composition of the uranyl- 
. albumin precipitate. 

The average of the results obtained, accords most closely with the 
formula 

(OraHiiaNiijHOa'j)a + U *"lln 

which requires 4*^73 per cent. IT. 

(f) J/mvtfy/ 

By the addition of an excess of mercuric chloride solution to 
an aqueous solution of egg-albumin, an ulhumiliate of mercury is 
formed, insoluble in excess of the mercury salt. The compound can 
be easily filtered and admits of thorough washing with water. Rose 
first proved that the precipitate formed as above, is a compound of 
mercury with albumin, instead of a compound of the mercury salt 
with albumin as supposed by Bostock and Ortila. 

Wc have made a few preparations of the albuminate by adding a 
moderately strong aqueous solution of mercuric chloride to portions 
of the dialyssed albumin solution and washing the precipitates 
thoroughly with water, The mercury in the albuminate was dolor* 
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rained by ignition in a combustion tube with quick lime, with a pos¬ 
terior layer of calcium carbonate and sodium bicarbonate. 1 
The mercury distilled, was collected in water and alter thorough 


washing with 

alcohol to remove 

hydrocarbons, etc 

., was dried and 

weighed. 

Following are the results of our analyses of the 

several piepara- 

tions made. 

No 

Amt Sub. taken. 

Wt tig 

Pcm eont Il<>. 

La 

0* * * § 8050 gram. 

0*0226 gram. 

2*80 

b 

0*8732 

0*0214 

3*13 

2a 

0*7681 

0*0215 

2*82 

b 

0*1357 

0*0201 

2*73 

3 a 

0*5088 

0*0150 

2*96 

b 

0*6261 

0*0167 

2*06 

4a 

0*9152 

0*0300 

3*38 

b 

0*8508 

0*0270 

3*17 

5a 

0*8492 

0*0218 

3*56 

b 

0*8610 

0*0237 

2*75 

6a 

0*9674 

0*0284 

2*93 


The average content of mercury is 2*80 per cent. The theoretical 
amount for (OJU^N^SO^+IIg--II a is 3*00 per cent. 


(g) Silver compounds. 

Silver nitrate is a well known precipitant of albumin, and Lieber- 
kilhn,f many years ago, assigned to silver albuminate a definite 
formula, calling for 0*67 per cent, of silver oxide. The preparation 
made by him from egg-albumin was found to contain 0*55 per cent, 
of silver oxide = to 0-27 per cent, of Ag. Mulder,*[ likewise, work¬ 
ing with alkali-allmminato, found that by neutralising the solution 
as nearly as possible with acetic acid, and then precipitating with 
silver nitrate, the silver albuminate so prepared contained 0*14 per 
cent, of silver oxide. 

Fueling, using ordinary egg-albumin instead of alkali-albuminate, 
found only half as much silver (3*28 per cent, Ag), while 0. Loew,|| 
working with purified egg-albumin, found still smaller percentages 
of silver in the albuminate made by him. Using an albumin 

* Beo Fresonius, Quantitative Chemical Analysis 

1 PoggendorS’s Ammlen, 1852, vol. clxii, p. 128. 

t See Berzelius’ Lohrbueli der Chemie, vol ix, p, 40 

§ Annalen d. cliom. u, Phaim., Band cti, p, at2. 

i Pttugor’u Archiv fur Physiologic, Band xxxi, p, 308 ; Uober Kiwoihh und Popton. 
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solution purified simply by throe days’ dialysis, Loow found that a 
1 per cent, solution of silver nitrate gave no precipitate whatever 
in a 5 per cent. solution of albumin. On milling a little dilute 
sulphuric acid to the albumin solution, however, and then pouring 
the mixture into the silver solution a precipitate was obtained, 
which on thorough washing and drying was found to contain 2*17 
per cent, of Ag; while a second preparation made by using a little 
loss sulphuric acid contained 2*40 per cent, of Ag. !>y precipitat¬ 
ing the albumin solution directly with a 5 per cent, solution of silver 
nitrate, without the addition of any acid, the albuminate was found 
to contain in one case 489 per cent. Ag, in a second case :}*‘,H 
per cent. Ag. Dissolving the freshly precipitated albuminate formed 
in this manner, in dilute ammonia and then reprecipitating it by the 
addition of dilute sulphuric acid to slight acid reaction, the albumin¬ 
ate was found to contain 4*04 per cent, of Ag. 

Loew sees in these results a confirmation of Harnack’s views as to 
the copper albuminates, and an assurance that the molecular weight of 
albumin corresponds to Lieberktlhn’s formula three times enlarged. 

Using an albumin solution purified as in our previous experiments 
and adding to it a 10 per cent, solution of silver nitrate as long as a 
precipitate was formed, four distinct series of albuminates were made* 
representing four distinct preparations of egg-albumin. These were 
all washed free from silver and also from any adhering albumin, dried 
at 110° 0. until of constant weight and the silver determined by 
simple ignition. 

Kkiukk L 


No. 

Amt Sub. taken. 

Wt. Ag. • 

Tor (Hint A#. 

Iff 

0*5900 gram. 

0-0343 grain. 

4*16 

b 

0*5025 

0-0330 

4*08 

2<t 

0*5700 

0-0330 

4*11 

b 

0-711IH 

0-0305 

4*01 

ikr 

0*0005 

0-0303 

4*08 

b 

0*7970 

0-0335 

4*07 


SjfiKIKH 

II. 


Iff 

0*5859 

0-0345 

4*18 

b 

0*6907 

0-0300 

4*16 

!2(i 

0*9478 

0-0385 

4*06 

b 

0*6621 

0-0370 

4*07 

ii a 

0*6455 

0-0300 

4*18 

6 

0*7000 

0-0885 

4*07 


* Tho silver compounds wore all made and analysed by Mr. T. S. Bronson of this 
laboratory. 
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Sktukh TIL 


1 a 

0*5860 

0*0239 

1*07 

b 

0 0949 

0*0284 

t *08 

•3a 

0*1090 

0*0290 

MM) 

h 

0*9053 

0*037 I 

1*13 

3 a 

0*5930 

0*0211 

1 13 

b 

0*8000 

0*0328 

HO 



Skkim IV, 


la 

0*6217 

0*0300 

4*88 

b 

0*6810 

0*0331 

1*80 

2a 

0*5509 

0*0270 

4*90 

b 

0*5026 

0*0278 

4*86 

3a 

0*6955 

0*0396 

5*69 

b 

0*7515 

0*0430 

5*72 

The figures show a far smaller content of silver in all of 

the prep- 


arations than found by Lieborktthu or Mulder. In throe* of the 
series, there is seen a constancy of composition which is quite notice¬ 
able and, further, a close agreement with the second iesult obtained 
by Loew on adding a 5 per cent solution ol silver nitrate to (he 
albumin. In the last series, however, the percentage of silver is 
somewhat higher, possibly owing to incomplete dialysis of the 
chlorides and phosphates from the albumin solution. Those figures, 
however, are not much higher than the highest figures obtained by 
Loew. 

A silver salt of albumiu, of the composition (^\ J H llJ N 1H HO w ), 
+Ag,—II, would contain 4*28 per cent of Ag, and while our results 
certainly approximate to this figure, there is variation enough to 
indicate an equal possibility of a mixture of two or more com¬ 
pounds, With a molecule of the a tee of the allmmin molecule, it is 
possible by doubling or otherwise, to obtain a formula corresponding 
to almost any percentage of metal found. Ami inasmuch as every 
variation* in the method of preparing the albuminate tends to alter 
its composition, it seems worse than useless at present, to lay much 
stress on the exact constitution of the silver albuminate. A large 
number of albuminates are of course possible, but until we know 
more definitely howto separate one from another, wo have no guaran¬ 
tee of the simple nature of any one. 

* Loew stales that ho has prepared a silver albuminate containing 10 fl 7 per cont 
Ag, corresponding nearly to 6 atoms ol silver, and that it is possible to prepare album¬ 
inates still richer in silver. 



(Umipoionh of Albumin <iml Myimn. 


.‘{21 

Examining now, all of the results obtained, we find the following 
average composition of the albuminates studied : 

Copper compound, 0*01 per eent. (*u 

Iron compound, 0*05 “ “ I<o x 

Zine compound, 0*91 “ ** Zn 

I *',u\ (neutral salt) compound, 2*r>0 kt “ Pb 

Uiuii) I compound, 4*0() “ “ If 

Silver compound, 4*00 “ Ag| 

Mercury compound, 2*89 “ “ IJg 

Accepting Liebcrkuhn’s formula of albumin as correct, then the 
following formula) accord most closely with the above percentages. 


(O, 

111. 

nr.nHO .), 

1 Cn- 

ii. 

requires 0*90 per cent. 

Cw 

(O 

.III. 

.N.hWM, 

1 Fc~ 

-H, 

u 0-80 

Pe 

«*. 

Jlu 

N„KO..,)i 

I Zn~ 

lb 

“ 0-99 

Zn 

(O 

11m 

.Ni«SO..)s 

1 Pl> 

If. 

<l 2-50 “ 

Pb 

(C. 

ill., 

jN u SO. ), 

l U 

lb 

n p»j3 « 

ir 

«’ 

rr,, 

NihHO. ), 

l Ag 

-If 

<* 4-28 “ 

Am 

«\ 

din 

N.hHO ), 

i Ha 

lb 

“ il-OO 

fig 


We do not, however, lay much stress upon the accuracy of these 
formula 4 . The results obtained in our study of these metallic com¬ 
pounds do by chance accord with them, and inasmuch as Loew and 
Ilarnack are disposed to treble Lioberkdim’s formula for albumin, on 
the basis of the composition of the copper and silver albuminates, 
made by them respectively, we present our results as evidence that 
there are equally good grounds for quadrupling the above formula. 

We believe, however, that with the majority of these albuminates 
it is possible to form n largo variety of compounds with the same 
metal, by Bimply modifying the conditions of precipitation. This is 
evidenced by Loew’s results with silver albuminate and our own 
with lead and copper, and since a great variety of compounds are 
possible, it is equally possible that in many cast's we may have to do 
with mixtures of such compounds, which would account for tin* groat 
variability in composition noticed in some of the albuminates and 
for the lack of agreement in the results obtained by different workers. 
Coupled with this, in some cases, is the undoubted tendency of the 
compounds to dissociation. 

II. Myosin. 

The myosin employed was' prepared from ox flesh, by extraction 
with a 15 per cent, solution of ammonium chloride, after the tissue 


* Excepting ono very low result. I* Excepting tho last scries oX compounds. 
Tkanb. Oom Acad., Vo l. VIT. 41 Nov. y 1880. 
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had been thoroughly freed from salts and soluble albumin by long 
continued extraction with water. The myosin was separated from the 
ammonium chloride solution by dialysis, being obtained in this man¬ 
ner as a semi-gelatinous mass, readily soluble in salt, solutions. In 
order to form compounds with the various metals, it was found best 
to use a solution of myosin in 5 per cent, ammonium chloride, the 
metallic compound when formed being washed with water until the 
washings gave no reaction for chlorine with silver nitrate. The com¬ 
pounds were then dried, first at 100° 0., then at 110" 0., until of 
constant weight. Control experiments with the metallic salt and 
ammonium chloride alone, invariably failed to give any precipitate 
whatever. 

No systematic attempt has apparently been made to study any of 
the metallic compounds of myosin; in fact, few statements are to be 
found regarding the existence of such compounds. I)aniU t wsky t 
some time ago, showed that myosin would combine with free mineral 
acids, uniting with them so that with tropsuolin 00 no reaction for 
free acid could bo obtained. With strong bases, however, according 
to Danilewsky, myosin does not probably combine, and the state¬ 
ment is further made that a small amount of calcium oxide ordinarily 
exists loosely combined with myosin, which calcium by coagulation 
of the myosin is liberated. Further, Danilowsky found that on 
adding platinum chloride in excess, to a dilute hydrochloric acid 
solution of myosin, a myosin-platinum chloride compound was pre¬ 
cipitated, which after washing with water and alcohol and then 
drying at 100-105° C., contained 9*40 per cent, of platinum and 0 
per cent, of chlorine. With copper, iron and similar salts wo have 
not been able to obtain any precipitate in a hydrochloric acid solu¬ 
tion of myosin. By adding, however, a solution of a metallic salt 
of such a nature that it does not react with ammonium chloride, 
to an ammonium chloride solution of myosin, a precipitate is pro¬ 
duced, which as our experiments show, is ordinarily a compound of 
myosin with the metal or metallic oxide. This Is readily seen 
by adding either zinc sulphate or ferric chloride to such a solution 
of myosin and then washing the precipitates with water, until the 
washings give no reaction for chlorine or for sulphuric acid. On 
now warming the iron precipitate with dilute nitric acid, a solu¬ 
tion will be obtained, giving a distinct iron reaction but no reaction 
with silver nitrate for chlorine. Similarly on warming the zinc pre- 

* fceitschrift fur physiolofciwsh© Chomie, v, p. 160. 
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oi pi tale with hydrochloric acid, the solution gives no reaction for 
sulphuric acid with barium chloride. 

With cupric sulphate and cupric acetate the same is ordinarily 
true. It is possible, however, to prepare n myosin-copper compound 
in which cupric sulphate appear** to unite directly with the myosin. 

(o'.) Oo}>ihv s*. 

By adding either cupric sulphate or cupric acetate* to a neutral 
ammonium chloride solution of myosin, a heavy greenish colored 
precipitate is obtained, which when freshly formed and after thor¬ 
ough washing with water, so that the washings are entirely free 
from chlorine and from copper, shows the following reactions. It is 
insoluble in moderately strong nitric, hydrochloric or sulphuric acid. 
The compound, however, is immediately broken up by the action of 
acids, the copper being completely removed, leaving the myosin as an 
insoluble residue having in the case of nitric acid a yellow color, and 
in the case ot hydrochloric and sulphuric acids a white color. In acetic 
acid, the compound is more soluble, first, however, becoming semi- 
gelatinous. In ammonium hydroxide, the compound dissolves slowly 
or partially, taking on a blue color. In dilute sodium hydroxide, the 
compound swells up, takes on a purple color, but does not dissolve. 
In dilute sodium carbonate, the substance is likewise insoluble, but 
swells up and turns of a bluish color. 

Following arc the results of the analyses of the various prepara¬ 
tions made. The compounds were in every ease composed simply of 
the metallic oxide and myosin. Copper was determined, as in the case 
of the albumin compounds, by simple ignition and weighing as oxide. 
In order to ascertain how much ash was retained by the myosin 
compound, a few duplicate determinations of copper were made by 
dissolving the oxide after ignition, and precipitating the copper as 
sulphide and weighing as subsulphidc, after ignition with a little 
pure sulphur in a current of hydrogen gas. 


Amt Sul). 
No. taken 

la 0*5436 gram. 

b 0*7176 


Sim ncs I. 


With OuS0 4 . 


Wt OuO. 

Per cent. 
On. 

0*0074 gram. 

1*08 

0*0097 

1-07 

0*0087 

1*08 

0*0078 

1*08 



Per cent. 

Wt. OiijB. 

On. 

0*0056 gram. 

0*8J 

0*0078 

0*80 

0*0071 

0*88, 

0*0061 

0*88 


3a 

b 


0*6359 

0*5188 
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Amt Sub 

Per cont. 

Per null. 

No. 

taken 

Wt. OuO. 

Cu. 

Wt. (JujH. 

On. 

8a 

0*5423 gram. 

0-0072 gram. 

1*05 

0*0051 grain. 

0*73 

b 

0*6241 

0-0082 

1*05 

0*0068 

0*80 

4 a 

0*5771 

0-0100 

1*50 



b 

0*4455 

0-0081 

1*43 



5 

0*3527 

0-0040 

1*02 



6a 

0*4401 

0-0062 

HI 



b 

0*5708 

0-0082 

1*13 





Series 11. 






With CuSO 

4 * 



No. 

Amt;. Sub. taken. 

Wt. OuO. 


Per cent. OuO. 

Por cent. (Ju 

la 

0*7425 gram. 

0*0059 grail). 

0*71) 

0*63 

b 

0*7463 

0*0060 


0*81 

0*64 

2 a 

0*7785 

0*0057 


0*73 

0*57 

b 

0*7767 

0*0056 


0*73 

0*58 

3a 

0*5488 

0*0052 


0-94 

0*14 

b 

0*4836 

0*0041 


0*91 

<>■78 

4a 

0*9477 

0*0085 


0*89 

0*74 

b 

0*8150 

0*0074 


0*91 

0*78 



With 011(0,11,0,),. 



5 a 

0*8522 

0*0133 


1*56 

1*24 

b 

0*8466 

0*0138 


1*63 

t*29 

6a 

0*6589 

0*0124 


1*88 

1*50 

6 

0*6572 

0*0123 


1*87 

1*50 

7a 

0*8673 

0*0156 


♦ ,H9 

1*42 

6 

0*7120 

0*0129 


1*81 

1*44 



Series III. 





With CuS0 4 . 



No. 

Amt. Sub. taken. 

Wt. OuO. 


Poreonl (JtiO. 

Par nmt. On, 

la 

0*7318 gram. 

0-0171 gram. 

8*87 

1*88 

b 

0*6684 

0*0161 


3*44 

1*94 

2a 

0*7564 

0*0168 


3*28 

1*77 

b 

0*6817 

0*0156 


3*89 

1*83 

3 a 

0*7820 

0*0189 


3*41 

1*91 

b 

0*6313 

0*0154 


3*48 

1*97 

4a 

0*7137 

0*0144 


2*01 

1*61 

6 

0*5868 

0*0124 


2*11 

1*68 

5a 

0*7732 

0*0164 


3*13 

1*68 

& 

0*7407 

0*0161 


2*18 

1*74 

6a 

0*7447 

0*0183 


2*45 

1*96 

b 

0*7429 

0*0188 


3*58 

2*01 
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With 011(0,11,0),. 


No. 

And. Sul), taken. 

Wt. (hit). 

Per will. Out). 

Per cent. 

la 

0*1300 gram. 

0*0101 gram. 

2*18 

1*73 

b 

0*1081* 

0*0154 

217 

1*13 

Ha 

o*! 1 ; ho 

0*0171 

2*21 

1*78 

b 

0*8111 

0*0181 

2*33 

1*17 

[)a 

0*7310 

0*0109 

3*29 

1*81 

b 

0*0155 

0*0138 

2*24 

1*18 

m 

0*7815 

0*0191 

2*44 

1*94 

b 

0*8714 

0*0313 

2*43 

1*93 

Ua 

0*8048 

0*0170 

2*11 

1*61 

b 

0*8308 

0*0114 

3*10 

1*67 

Via 

0*0780 

0*0150 

2*21 

1*75 

b 

0*101)5 

0*0108 

2*18 

1*74 


Comparing those results with one another, there is to he seem a 
very noticeable lack of agreement in composition, ami further it is 
to be seen that the myosin-copper compound has on an average a 
somewhat higher content of copper than the albumin-copper precipi¬ 
tate. The average composition of all the copper myosins shows about 
1’42 per cent, of <hi, and deducting O’25 per cent, of ash, the average 
content of Cu would be 1*17 per cent. Examining the individual 
results, it is apparent that the compounds made from the samo myosin 
solution are approximately, at least, the same in composition ami 
without doubt the difference in the composition of compounds made 
from different myosin solutions is due to variation in the concentra¬ 
tion of, and possibly also in the reaction of, the myosin-containing 
fluid. It would appear as if variations in the conditions of precipita¬ 
tion made a greater difference in the case of the myosin-copper com¬ 
pounds than in the compounds of copper with albumin. Several 
times, also, we have found that, our myosin-copper precipitate con¬ 
tained sulphuric acid, even after thorough washing ami when the 
wash-water was proved to be entirely free from any reaction with 
barium chloride. 

One such compound, after drying at L10* 0,, was analyzed with 
the following results: 

0*7240 gram substance* gave 0*0343 gram BaHOi - 1*63 per cent. MO n , 

0*8420 gram substance gave 0*0331 gram BaSO* = 1 *73 per cent. SO a . 

0*4705 gram substance f gave 0*0084 gram CuO = 1 *78 per cent. OuO, 

0*6011 gram substance gave 0*0107 gram (JuO =1 *78 por cent. CuO. 

* Rousted and then ignited with pure sodium carbonate, the residue dissolved in 
hot water acidified with hydrochloric acid and precipitated with barium chloride. 

f Ignited, the residuo dissolved in nitric acid, precipitated with hydrogen sulphide, 
otc. 
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The molecular weight of CuO and SO a being tlio same, it is evident 
that the two are present in just the proportion to i’onn cupric sul¬ 
phate. 

Ik Iron compounds. 

By adding a solution of ferric chloride to an ammonium chloride 
solution of myosin, a semi-gelatinous precipitate is formed of a red¬ 
dish yellow color, and consisting of a combination of myosin and 
oxide of iron. The compound when thoroughly washed contains no 
chlorine. When freshly precipitated, it. is partially soluble in 
dilute ammonium hydroxide, as also in sodium hydroxide, the residue 
becoming gummy or gelatinous and brownish yellow in color. It 
swells up in sodium carbonate, but is insoluble. In nitric acid the 
compound turns yellow, but is wholly insoluble and does not swell 
up. In hydrochloric and also in sulphuric acid the compound is like¬ 
wise insoluble. In acetic acid, however, it is soluble completely, 
forming a semi-gelatinous fluid. In this, as in other metallic com¬ 
pounds of myosin, acids simply dissolve out the metal and then 
exert their usual action on the myosin. The various preparations, 
washed free from iron and chlorine, and dried at 110° C. were 
analyzed with the following results: 

Series I. 


JSTo. 

Amt. Sub. taken. 

Wt. Fej0 3 . 

Por cent. Fo fl O,. 

Por cent. Ke. 

la 

0*7046 gram. 

0.0194 gram, 

2*76 

1*98 

a 

0*7021 

0*0193 

2*74 

1*92 

2a 

0*8762 

0*0128 

8*40 

2*38 

b 

0*8623 

0*0121 

8*33 

2*88 

2a 

0*6837 

0*0141 

2*42 

1*69 

b 

0*6618 

0*0137 

2*48 

1*70 

4a 

0*6488 

0*0177 

3*35 

3*26 

6 

0*6088 

0*0197 

3*34 

2*26 

r>a 

0*4701 

0*0140 

2*95 

2*06 

b 

0*8881 

0-0100 

3*95 

2*07 

6a 

0*6101 

0*0178 

8*40 

3*87 

6 

0*6927 

0*0194 

3*28 

2*29 



Series II. 



1 

0*4847 

0*0188 

3-87 

2*70 

2 

0*8200 

0-0115 

3*69 

2*61 

8 

0*4118 

0*0163 

3*72 

2*59 

4 

0.6205 

0*0184 

8*58 

2*45 
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No. 

Amt. Su)». taken. 

Wt. jfcflOi. 

Per cent. KV a <) t . 

Pur 

5a 

0*4551 gram. 

0*0167 gram. 

3*68 

2*57 

6 

0*3668 

0*0137 

3*73 

2*61 

0« 

0*3783 

0*0138 

3*64 

3*53 

b 

0*3675 

0*0131 

3*57 

2*50 

7 a 

0*4284 

0*0113 

3*34 

3*33 

b 

0*4041 

0*0136 

3*37 

3*36 


Seri mm HI. 

With a large excess of ferric chloride. 

la 0*4385 0*0269 0*13 4*29 

b 0*6939 0*0430 6*37 4*38 

In none of these preparations was there any attempt made to add 
a definite amount of ferric chloride, but the iron salt was added until 
a good precipitate was obtained. Undoubtedly, the uinouut'of iron 
salt added, modifies materially the composition of the compound. lu 
series III it is seen that the content of iron is about double the aver¬ 
age amount contained in the other preparations. The average 
amount of iron (Fe) in the first two series of compounds is 2*39 per 
cent. 

<\ 'Zinc compounds. 

With ainc sulphate, myosin is thrown down from its ammonium 
chloride solution as a heavy gelatinous precipitate. Like the iron 
compound it is partially soluble in sodium and ammonium hydroxides, 
swelling up to a gelatinous mass. It is insoluble in nitric, hydro¬ 
chloric and sulphuric acids, but is partially soluble in acetic acid. In 
composition, it is seen to bo very closely allied to the Mine albu¬ 
minate. Following are the results obtained by analysis of the dried 
compounds: 

Hkriks I, 


No. 

Amt. Hub. taken. 

Wt. 7a\ O. 

Por emit. ZuO. 

Per emit, An. 

la 

0*0108 gram. 

0*0049 gram. 

0*81 

0*64 

b 

0*6019 

0*0055 

0*83 

0*06 

2a 

0*6611 

0*0047 

0*71 

0*57 

b 

0*8006 

0*0059 

0*73 

0*59 

3a 

0*4666 

0*0046 

0*09 

0*79 

b 

0*4494 

0*0044 

0*99 

0*79 

4a 

0*5936 

0*0048 

0*80 

0*64 

b 

0*6936 

0*0055 

0*79 

0*63 
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skriks n. 


No. 

Amt. Sul), taken. 

Wt. 55nO. 

Per cent. ZnO. 

Per cent. Xn, 

Ut 

0*6258 gram. 

0*0051 ft rum. 

0*83 

0*65 

b 

0-0018 

0*0054 

0*81 

0*65 


0*5315 

0*0061 

KM 

«•»? 

b 

0*5485 

0*0065 

1*18 

0 01 

'6a 

0*7925 

0*0064 

0*81 

0*65 

b 

0*6913 

0*0057 

0*83 

0*66 

4a 

0*4858 

0*0063 

1*31 

1*03 

b 

0*5318 

0*0006. 

1*31 

0*00 

r>a 

0*6635 

0*0056 

0*85 

0*68 

b 

0*6504 

0*0050 

0*76 

0*61 

6 a 

0*6203 

0*0033 

0*87 

o*;o 

It 

0*6639 

0*0050 

0*88 

0*71 


The average content of zincs (Zn) is 0*72 per cent. Unlike the iron 
and copper compounds, there is here loss variation in the composition 
of the various preparations. 

d. Nickel and cobalt compounds. 

The extremely low percentage of zinc in the zinc-myosin com¬ 
pounds, as contrasted with the iron in tin* iron compounds, led us to 
make a nickel and cobalt preparation for the sake of comparison. 
The results, in both cases, accord more nearly with those of the iron 
compound, for although containing a higher percentage of metal 
than the latter, it was necessary to prepare them both under just 
such conditions as in the iron compound led to the highest percent¬ 
age ofiron, viz: a large excess of the precipitant. Kollo wing are 
the analytical results obtained with both substances: 


With Ni (NO,,), 


No. 

Ami, Bub. taken. 

Wt. Nil),. 

Per cent. NiO«. 

Per cent Ni. 

la 

0*6165 gram. 

0*0043 gram, 

7*29 

4*71 

h 

0*7016 

0*0051 

7*36 

4*70 



With CO (NOJ 

A 


la 

0*6479 

0*0064 

9*95 . 

6*45 

b 

0*6696 

0*0065 

9*76 

6*28 

2a 

0*6451 

0*0056 

8*75 

5*07 

b 

0*6842 

0*0060 

8*84 

5*72 
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e. Uranium vompoundu. 

The addition ofnranyl nitrate to an ammonium chloride solution 
of myosin produces a heavy gelatinous precipitate of a uranyl-tnyosin 
compound, winch in solubility resembles the other myosin prep¬ 
arations. Washed free from excess of uranyl nit 1 ate and from 
ammonium chloride and then dried at 110° (\, the various prepara- 
tioim yielded on analysis the following results, the uranium being 
determined by simple ignition and weighing as uranoso-uranic oxide: 


Shrubs I. 


No 

A tut. Sub Ukon 

wt. cr,o„. 

Pci cent IT »O rt 

Pu cent U. 

la 

0*6373 gram. 

0*0489 gram. 

7*67 

6*51 

b 

0*6836 

0*0526 

7*69 

6*53 

3a 

0*7081 

0*0503 

8*36 

7*09 

b 

0*7689 

0*0655 

8*51 

7*33 

3a 

0*6418 

0*0586 

9*13 

7*75 

b 

0*7809 

0*0715 

9*16 

7*78 

4a 

0*6621 

0*0541 

8*17 

6*93 

b 

0*5455 

0*0008 

8*15 

6*91 

Ha 

0*7520 

0*0663 

8*81 

7*48 

h 

0*0964 

0*0615 

8*83 

7*50 

6a 

0*7208 

0*0590 

8*18 

6*94 

b 

0*7439 

0*0607 

8*15 

6*91 

7 a 

0*6648 

0*0527 

7*92 

6*72 

b 

0*7101 

0*0565 

7*90 

6*76 
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la 

0*8786 

0*0837 

9*68 

8*13 

b 

0*8370 

0*0830 

9*57 

8*12 

2a 

0*5857 

0*0593 

10*13 

8*59 

b 

0*7088 

0*0715 

10*09 

8*56 

3a 

0*5715 

0*0568 

9*94 

8*44 

b 

0*6958 

0*0688 

9*89 

8*40 

4a 

0*0939 

0.0556 

8*03 

6*83 

b 

0*7667 

0*0615 

8-03 

6*83 

da 

0*8081 

0*0874 

10*88 

9*23 

b 

0*8272 

0*0901 

10*89 

9*34 

6a 

0*1034 

0*0553 

7*86 

6*67 

b 

0*6810 

0*0540 

7*93 

6*72 


These x*esults show a variation in the content of uranium, amount¬ 
ing to nearly 3 per cent. (6*51-9*24 per cent.) Further, a compari- 
Thanh. (John. Acad.. Yol. VII. 42 Nov., )8H(>, 
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son of the two series shows plainly that there is something in the 
nature of the second myosin solution, which tends to raise the content 
of uranium in the uranyl compounds; probably, the greater concen¬ 
tration or dilution of the solution. Evidently, then, the composition 
of the compound is, in part at least, determined by the conditions 
under which the uranyl salt and the myosin solution arc brought 
together. The average amount of uranium contained in the prepa¬ 
rations is 7-49 per cent. 

f. Mcrcitry compounds 

By adding a solution of mercuric chloride to an ammonium chlo¬ 
ride solution of myosin, a heavy gelatinous precipitate is formed 
which soon changes to a flocculont one. Freed Irom the excess of 
mercury salt and ammonium chloride, the compound is found to be 
entirely free from chlorine. The substance is somewhat soluble in 
sodium hydroxide, swelling up first and then gradually dissolving. 
Dried at 110° C. and then analyzed, the following results were ob¬ 
tained. The mercury was determined as already described under 
mercury albuminate. 


Seuukk L 


sr o. 

Amt. Sub. takon, 

Wt. of I Iff. 

IVr mil I Iff, 

la 

0-7609 gram. 

0*0166 gram. 

3-18 

b 

1-3911 

0*0208 

3*0? 

2a 

1*2386 

0*02*50 

2 -n 

b 

0*9525 

0*0198 

2*07 

3 a 

1*1850 

0*0218 

1-84 

b 

0*9261 

0*0173 

1*86 

4 a 

1*3504 

0*025? 

1-90 

b 

0*9382 

0*0178 

1*90 


Hwnnw II. 


1 

0*8917 

0-0241 

2*70 

2 

1*1196 

0*0810 

8*7? 

3or 

0*9587 

0*0271 

3*84 

b 

0*8818 

0-0259 

2*93 

4 

0*9209 

0-0270 

2-98 

5 

0*8852 

0-0241 

2*89 

6 

0*8564 

0*0217 

2*58 

7a 

1*0696 

0*0844 

8*22 

b 

0*8550 

0*0264 

3*09 
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The 1 average content of mercury (Ilg) is 3'tJi percent. The results 
of each series shown fairly close agreement, but the two series <lo not 
compare with each other at all. Thus, the average amount/ of mer¬ 
cury in the compounds of the first series is I MM per cent., while in 
the second series the average amount rises to 3*87 per cent. This is 
another good illustration of the influence of the strength of the solu¬ 
tion on the composition of the precipitate, and as in this case the 
presence of any ash could not interfere with the ultimate result, since 
the mercury was separated by distillation, it follows that, the appar¬ 
ently higher content of mercury in the second series must bo due to 
combination of the myosin with a larger amount of the metal. Fur¬ 
ther, it has been claimed* that in the case of the silver albuminate, 
it is possible under certain circumstances for the albuminate, when 
formed in a concentrated solution, to inclose a variable amount of 
albumin mechanically, and thus the apparent percentage of silver in 
the albuminate be reduced. It such was true 1 of the myosin-mercury 
compounds, a far greater variation would he expected in the per¬ 
centage of mercury in the different preparations of the same series. 

The following table of comparisons shows the average content of 
metal in the albuminates formed from the two kinds ot proteid 
matter. 


Kgff-albumia. Myosin, 


Copper compound* 

0*94 per cent. 

Cu 

1*17 per cout. Cu 

Iron 

« 

<m 

Vo 

3*39 

Ke 

Zinc 

44 

0*91 

Zn 

0*73 

Zn 

Uranyi 

44 

4*60 

U 

7*40 

U 

Mercury 

<4 

2*89 

Hg 

3*46 

Hff 

Lead 

4 t 

3*56 

Vh 

-- „ 

....... 

(Silver 

44 

4*09 


mmmm 

mmmm 

Nickel 

4* 



4*70 

Ni 

Cobalt 

44 



6*08 

(Jo 


Apparently, the two forms of albuminous matter, the albumin and 
globulin, do not form corresponding compounds with the metallic 
salts experimented with. 

* Sot» Loow, PflugorN Arehiv fiir Physiologic, 1 lurid xxvi, p. JW.'l. 



XXjL — K<iCr Albumin and Auufmosks. By K. II. Oiiitphniimn 
and Percy It. Bouton, Pu.B. 

Ever since the albumoso bodies were iirst separated from the pro¬ 
ducts of fibrin digestion* * * § with pepsin-hydrochloric acid, it has been 
our intention, already expressed, to subject the various individual 
albuminsf to the action of purified pepsin under like conditions, and 
thus ultimately to acquire a comparative knowledge of the albumose 
bodies obtainable from these different sources. Already the allmmoso 
bodies from fibrin aud the globnloscsj; have been subjected to a care¬ 
ful study and we present here the result of a study of the albumoses 
from egg-albumin. 

In doing this, we have to report at the same time, the results oi a 
study of the composition of egg-albumin itself. For we have made 
it a rule, in the series of experiments shortly to he described, to 
analyze a sample of each lot of albumin prepared for digestion. In tikis 
manner we have obtained data for a direct comparison of composition 
between the original sample of albumin and the produets formed by 
its digestion. This we have deemed of considerable importance, for 
the data so obtained may throw considerable light on the nature of 
tlie changes involved in the formation of the albumoses; particu¬ 
larly, as to whether they are hydrolytic in their nature. 

Four distinct samples of albumin were prepared, three of which 
were prepared in large quantities and served as material for the subse¬ 
quent digestions. 

Albumin A . 

This was a preparation of coagulated egg-albumin, prepared espec¬ 
ially with the view of obtaining a product wholly free from globulin. 
The method employed was essentially that recommended by Ham- 
marsten.S The whites of 120 eggs wore freed from the yolks, then 

* W. Kiihae and R. ft Chittenden, Caber Albumomm, Zeilsehrifl, fttr Hiologie, Hand 
xx, p. 11. 

f W. Kuhne and R. H. Chittenden, Uobor dio naohsUm Spaltungsprodueto dor 
Kiwoisskdrpor, Zeitscbriit fur Hiologie, Baud xix, p. 150. 

t W. Kuhne and R. H. Chittenden, Globulin und Olobuloson, Zeitschrift fur Hiologie, 
Band xxii, p. 409. * 

§ See K. V. Starke, Beit rage mr Kenntnisn des Serum- und Kiaibuinms, dahres- 
bcricht fur Thiorchomie, 1881, p, 18. 
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finely <lividc<l by shaking with glass, the tlui<l mixed with an equal 
volume of water or more, then shaken vigorously witli air and 
finally filtered through cloth. The solution-so obtained, was then 
saturated with crystals of magnesium sulphate at 20* C\, f<u* the com¬ 
plete removal of the globulin. The mixture was filtered through 
paper ami the dear filtrate saturated with sodium sulphate. The 
precipitated albumin was then filtered and washed with a saturated 
solution of sodium sulphate, after which it was dissolved in water and 
dialyzed in running water until the magnesium and sodium sulphates 
were entirely removed. The fluid was then again filtered and the 
albumin finally coagulated by being poured into eight litres of boil¬ 
ing water, slightly acidified with acetic acid. The great bulk of the 
eoagulum so obtained was at once placed in (our litres of <M per 
cent, hydrochloric acid, while a small sample for analysis was washed 
with fift per cent, alcohol, finally with absolute alcohol ami then 
dried, first at J00° (\, and finally at 100° 0 ., in mrnm, until of con¬ 
stant weight. The following table shows the results of the analysis 
of the product. The various determinations were made as described 
in the previous articles on these subjects, the sulphur being deter¬ 
mined by fusion with potassium hydroxide and potassium nitrate in 
a silver crucible, according to the method designated by llammar- 
steu* as la. 


Albumin Jl 

This albumin was prepared from the whites of 120 eggs by a some¬ 
what different method. The albumin solution, after dilution with 
water, was made very distinctly acid with acetic acid, and the heavy 
precipitate of globulin, after it had well settled, removed by filtration. 
The acid fluid was then made exactly neutral with sodium carbonate 
and again filtered; it was then thymolized and dialyzed in running 
water for eight days. A little globulin, not precipitated by the acetic 
acid, was found in the bottom of the dialyzers when the salts had 
diffused out. This was filtered off and the perfectly clear fluid evap¬ 
orated at if 5-45° (\, to perfect dryness. A sample of this preparation 
was ground fine, dried at 100° 0. in vacuo ami analyzed. It is perhaps 
questionable, whether all of the globulin is removed by this method* 
The precipitate with acetic acid was quite heavy, and as II. Dillnerf 
has recently shown that the amount* of globulin in egg-albumin, as 

51 >Soo Mtsehrift CUr physiolog. Ohornio, Baud ix 7 p. 289. 

\ Uobor dio Grlobnline int Hulmeroiweisa, Jahresboriehi fur Tluorehomie, 1885, 
p. 31. 
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determined by the magnesium sulphate method, never reaches 1 per 
cent., but averages only 0*607 per cent., it seems probable that the 
greater portion is separated by the acetic acid. Further, I Milner lias 
lound that on the dialysis of a neutralized egg-albumin solution, the 
matter which separates out after a few days dial) sis, is only in part, 
globulin, but consists, in addition, of a somewhat insoluble body lieh 
in sulphur. Hence, the substance which separated in our dialyzors, 
after precipitation with acetic acid and neutralization, may not have 
been composed wholly of globulin. The following table shows the 
composition of the uncoagulated albumin B. 

Albumin C. 

This preparation was much the same as albumin B, except that it 
was finally coagulated. Globulin was separated by acetic acid, the fil¬ 
trate neutralized, again filtered and the fluid dialyzed in running water 
until all soluble salts were removed. The albumin was then coagu¬ 
lated by being poured into a large volume of boiling water acidified 
with acetic acid. A sample, after drying at 106° (\ in nacuo, was 
found to have the composition shown in the accompanying table. 

Albumin D. 

This sample of albumin was prepared in exactly the same manner 
as albumin A; the globulin removed by magnesium sulphate, the 
albumin precipitated by sodium sulphate and after dialysis, coagu¬ 
lated as already described. Its composition is shown in (ho follow¬ 
ing table. 

Comparing now, the results of the analysis of these four samples of 
albumin, it is seen that the first three agree almost exactly in com¬ 
position, while the fourth shows a somewhat lower content of carbon. 



A 

11 

a 

1 ) 

Avt hi ijt* 

0 

rmt 

52*33 

53*40 

51*74 

52*18 

H 

0*96 

6*98 

7*00 

6*81 

0*98 

N 

15*80 

15*89 

15*88 

15*08 

15*81 

S 

1*94 

1*88 

1*09 

2*02 

1*87 

0 

23*09 

23*97 

22*97 

28*75 

88*81 

Ash 

0*37 

hi 

0*17 

0*45 



Further, the coagulated products (A and 0) do not differ at all in 
composition from the non-coagnlated albumin B, 

Schtitzenberger,* as a result of his work on proteid matter, ascribed 

* Bulletin de la Soeidte Ohimique do Paris, T, 23 cl 24. 



Chittenden and Holton — Jih/tj-Alhamin and AfbwnosM. 


SJgo 

a I 

<3g i 2 

sir 


. . OS 00 

o"1 i i i 

3J& 6 rH 


S S 8 9 e s 

os ©j os t- os th 

» e is cp ip t* 

© © © © © o 


W B fc ► P g 


O W S ?5 03 O 


['hans. Conn. Acad., Vox., VIC. 43 


NOV., 1883 . 


O0.00Z 








Analysis of Albumin D 


(Hdtltmfen and Bolton — Eyg-Alhimun and Alhtnnom h. 



Si 

?*■ JS 



‘■i 

2 

00 

<£» 


(N 

cu 

& 




k 




' N > 


■<1 



OB^MO 


loo-no 










(Uitttvnden and Bolton — AJ/r/-. Ubaiahi and Albania* *W0 

to albumin the formula C^IT^N,p„S„ which requires a content of 
carbon not far different from the average of our results, Imt which 
on the other hand demands a content of nitrogen nearly 1 per cent, 
higher than we found. The well-known Lieborktlhifs lormula requires 
5it*r> 0 percent, of carbon, or 1 per cent, more than was found in our 
highest result. 11 a mack's formula for albumin,' 1 ( 1 l|ll ll N U <> M) S.„ with 
a molecular weight of -1018, based on a study of the copper compounds 
of albumin, requires too high n content of carbon and altogether too 
low a percentage of sulphur. Lieberktlhn’s formula requires 1 -UK per 
cent, of sulphur, while llarnack’a formula requires only 1*80 per cent.; 
and as this was one of the main points on which Ifarnaek based his 
formula, it is well to consider it. Our lowest result on sulphur is 1 *(>0 
per cent., and as the other three show a close agreement, it is proba¬ 
ble that the former is somewhat too low. The average of our results, 
however, is hut 0*0l per cent, higher than found by Lieherktlhn. (). 
Loewf has recently considered this question, and he found on deter¬ 
mining the sulphur in coagulated egg-albumin by a modification of 
Piria and SchiiPs method, 1*70 and 1*8? per cent, of sulphur respect¬ 
ively. (). Nassef likewise, found in coagulated albumin a content of 
I*7‘2 per cent, ot sulphur, and lastly, IIammarsten§ found in non- 
eoagulated albumin T03 per cent, of sulphur. There would seem to 
he plenty of confirmatory evidence, therefore, that the content of 
sulphur in egg-albumin is much larger than indicated by Uarnack’w 
formula. 

The nitrogen, as determined in our preparations, is seen to be 
somewhat higher than found by Hammarsten, with whose results in 
other respects ours most closely correspond. Dumas, however, 
found nearly the same percentage of nitrogen as contained in our 
preparations. The accompanying table of analyses shows the aver¬ 
age of our results, compared with those of others. 

AUmhhmm* 

Three distinct digestions of albumin (preparations*A, B and 0) 
were made with pepsin-hydrochloric acid, and the nUmmose bodies 
isolated, fn this way it was possible to prepare the bodies under 
somewhat ditto reiit conditions, and to notice the influence, if any, on 
the nature and composition of the products. The pepsin-hydrochloric 
acid used in two of the digestions was prepared with a special view 

# Zoitschrfft fur Physiolog. Cheimo, Band v, p. 207. 

| PfliiflerN Arehiv fur Physiologic, Band xxxi, p. 300. 

| JahxeHlKtticJil fiir 1873, p. 13. g Ibid, IMS), p. J{> 
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to removing all traces of nlbumose bodies, formed by tlio self-digestion 
of the mucous membrane, anil was prepared as follows: Y00 grains <>( 
mucous membrane from the cardiac portion of si\ pigs 1 stomachs, 
freed from the muscularis, were finely divided and warmed at M>° C. 
for fourteen days, in two and a half litres of <)*f> per cent, hydro¬ 
chloric acid. At the end of this time, all allmmose bodies presumably 
having been converted into peptone, the solution was filtered from 
the residue of nuclein, antialbumid, etc., and the filtrate saturated 
with ammonium sulphate. The precipitate, consisting mainly of 
pepsin, with perhaps some albumoso, was filtered oil* washed with a 
saturated solution of ammonium sulphate, and then dissolved in two 
litres of 0*2 per cent, hydrochloric acid. The acid solution was then 
thymolifsod and dialyzed in running water, until the ammonium sul¬ 
phate was entirely removed. On opening the dialyzing tubes, quite 
a precipitate was found, which on being dissolved in 0*2 per cent, 
hydrochloric acid showed marked proteolytic action. The tilt rate 
also, on being acidified, showed vigorous digestive power. These 
two solutions of purified pepsin were used in the digestion of two of 
the albumins, while with the third a pure glycerin extract of pepsin 
was employed. 

The general method of procedure, both in the digestions them¬ 
selves and in the separation of the various albumoses, was much the 
same as that previously employed by I\0lme and Chittenden. 


IHijMion of Albumin J. 

The albumin, as previously described, was placed in four litres of 
<)*! per cent, hydrochloric acid and the mixture raised to a tempera¬ 
ture of 4fi° (\ Then 000 o. c. of the purified pepsin-hydrochloric 
acid solution were added and the mixture kept at a temperature of 
45 n C. for three hours, after which it was neutralized with sodium 
hydroxide and filtered. The pepsin solution, although quite active, 
did not act very vigorously on the coagulated albumin. The neu¬ 
tralization precipitate, therefore, together with the unaltered albumin, 
was again treated with a fresh quantity of the pepsin-hydrochloric 
acid, under like conditions as the preceding, for four hours. The two 
neutralized fluids were then united and treated together. The total 
volume was about six litres. The clear fluid was saturated in the 
cold with crystals of sodium chloride, by which a precipitate was 
obtained, which from analogy should consist of proto-, dys- and 
hoteroalb moose. 
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In making these separations of the albumose bodies, we intention- 
ally avoided raising the temperature of the fluid above 13’ (\, for 
fear that heat might induce some change in the character ol the 
bodies; hence the flrst neutralized fluid was saturated directly with 
salt, in spite of its large volume, and the bodies wore ultimately all 
separated without having been exposed to a temperature higher than 
that above-mentioned. The use, however, of such a large (plantity 
ot rock salt introduced into the solutions some* calcium sulphate, 
which adhered very tenaciously to the albumose bodies and thus 
unavoidably raised the content of ash in the preparations. 

The precipitate produced by the addition of sodium chloride in 
substance was filtered, washed with a saturated solution of sodium 
chloride, then extracted successively with a ten percent, solution of 
sodium chloride, a five per cent, solution of the same salt, and lastly 
with water. The residue remaining undissolved after these succes¬ 
sive treatments with dilute salt solutions and water, presumably con¬ 
sisted of dysalbumose, while the solutions contained a. body precipi- 
table by acetic acid and soluble in excess, and also preeipitahle by 
potassium ferrooyanidc; presumably protoalbumose together with 
heteroalbumose. The original salt-saturated filtrate contained all of 
the deuteroalbumose, together with considerable protonlbumose and 
some heteroalbumose. 


A . Protoalbumose. 

The five and ten per cent, sodium chloride solutions of the first salt 
precipitate, together with the aqueous solution of the same, were 
united and then dialyzed in running water for removal of the hotero- 
albumose. The solution, partially freed from the latter, was concen¬ 
trated somewhat and the protoalbumose again precipitated by satu¬ 
rating the solution with sodium chloride. This precipitate was again 
dissolved in water, dialyzed until the greater portion ol the salt was 
removed, the solution then concentrated and the albumose precipi¬ 
tated by alcohol. This precipitate was redissolved in water,dialyzed 
until no chlorine reaction could he obtained with silver nitrate, tlie 
solution concentrated on the water bath to a syrup and finally pie- 
cipitated with alcohol, washed with alcohol and ether and then dried 
at 106° 0. in vacuo until of constant weight. In the last dialysis, 
there was no separation whatever of heteroalbumose, hence the pro¬ 
toalbumose is to be considered as quite pure. The composition of 
the substance is shown in the accompanying table. Tins ash con¬ 
tained no sulphate. 



Analysis of A. Protoalbumo^e. 
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The protoalbumose was readily soluble in water and, unlike the 
protoalbumose from fibrin, dissolved to a perfectly clear solution 
with a neutral or very faintly alkaline reaction. The aqueous solu¬ 
tion was rendered somewhat turbid by the addition of a little acetic 
acid, the turbidity disappearing, however, on the addition of an excess 
of acid. The aqueous solution, strongly acidified with acetic aeid, 
was precipitated by the addition of potassium ferroeyanide; the pre¬ 
cipitate, however, dissolved on heating the mixture, reappearing as 
the solution became cool. 

An aqueous solution of the albumose, acidified with acetic acid to 
such an extent that the first turbidity was re-dissolved, was not ren¬ 
dered at all turbid by the addition of a little sodium chloride; the 
addition of more salt, however, gave a very strong turbidity which 
disappeared entirely on wanning, reappearing on cooling. As with 
the protoalbnmose from fibrin, it is possible to add such a quantity 
of sodium chloride as to induce a very heavy precipitate, yet have it 
wholly disappear on boiling the mixture, separating out again, how¬ 
ever, as the solution becomes cool. Finally the addition of a larger 
amount of sodium chloride gave a precipitate in the acidified solution, 
which was not at all affected by even boiling. 

An aqueous solution of protoalbumose, when treated drop by drop 
with concentrated nitric acid, was rendered noticeably turbid at the 
point of contact, the turbidity disappearing as the mixture was shaken. 
On adding just the right proportion of nitric acid, a point was reached 
where the solution showed a permanent turbidity, which disappeared 
on the application of a little heat, returning as the solution cooled. 
A slight excess of nitric acid produced even in the cold, a very 
distinct reddish yellow coloration of the fluid, the turbidity disappear¬ 
ing. By adding crystals of salt to the acid solution, a precipitate 
was again formed, which disappeared on the application of heat, and 
reappeared as the solution cooled. 

By saturating an aqueous solution of protoalbumose with salt, a 
heavy precipitate was formed, but in the filtrate more albumose was 
always found on the addition of a little acetic aeid. In fact, each 
time protoalbumose was precipitated by sodium chloride in substance 
there was always a loss; a certain proportion of the substance re¬ 
maining in the filtrate, precipitable only by the addition of a lit¬ 
tle acetic acid. Protoalbumose heated with acid, or treated in the 
cold with dilute alkalies was not apparently converted into acid 
albumin or alkali-albuminate-like bodies, for on neutralization, no 
precipitation whatever occurred. Heated with potassium hydroxide 
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ami plumbic acetate, there was a decided blackening of the iluid. 
The proloalbuniose likewise gave the characteristic 1 reddish violet 
color with potassium hydroxide and cupiic sulphate, Cupiic sul¬ 
phate alone, added to an aqueous solution of protoalhmnose, gave* a 
heavy greenish colored piocipitate, not a cry soluble in excess of the 
copper salt. Mercuric chloride and lead acetate* also precipitated 
the albumose. 

In its reactions, therefore, the proloalbuniose lormed from egg- 
albumin does not differ, essentially at least, from fibrin protoal- 
biunose. 


A. . 

This body was obtained from the first salt-saturated iluid, by the 
addition of a little acetic arid (s]>. gr. 1(42) also saturated with salt. 
Ar Kuhne and Chittenden have already pointed out, all of the proto- 
albumose is not precipitated by saturation of a neutral iluid with 
sodium chloride. Hence, it is to bo expected that the deuteroalbu- 
mosc solution would contain some protoalbumose, which latter would 
bo likewise precipitated by the salt-saturated acetic acid. We en¬ 
deavored to make a separation, however, by rejecting altogether the 
first precipitate produced by the addition of a little acetic acid, and 
then to obtain the deuteroalbumose fairly free from the former, by 
the subsequent addition of more acetic acid. The final precipitate 
so obtained, was dissolved in a small amount of water and then 
dialyzed for several days. The solution, in which was noticed a small 
deposit of hetcroalbumosc, was concentrated and finally precipitated 
by alcohol. The precipitated deuteroalbumose was then rcdissolvcd 
in water, the solution made exactly neutral with sodium carbonate 
and dialyzed in running water for many days, after which the 
solution was concentrated to a syrup, the albumosc precipitated with 
alcohol and finally, after washing with other, dried at HM° X\ in 
mono until of constant weight. The composition of the product is 
shown in the accompanying table. The ash was composed mainly of 
ferric oxide and calcium phosphate; it contained no sulphate. 

The pure white powder, after being dried at HKI 0 0, was found 
readily soluble in water. The solution was not rendered at all turbid 
by saturation with sodium chloride, but the substance was more or 
less completely precipitated by the addition of a little acetic acid to 
the salt-saturated fluid. Nitric acid added to an aqueous solution of 
the substance gave no precipitate whatever, but colored the solution 
decidedly yellow oven in the cold. A little sodium chloride added to 

Tkans. Oonn. Acad.. Yol, YU. H * Nov., 1880. 
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the nitric acid {solution gave a decided turbidity, which disnppoaicd 
on wanning the solution and reappeared on cooling. 

The addition of acetic acid to an aqueous solution of the nlbumoso 
gave no precipitate whatever, nor was any change to he observed on 
heating the fluid; neutralization, at least, caused no precipitation. 
The addition of a little sodium chloride solution to a solution of 
deuteroalbumosc acidified slightly with acetic acid gave no precipi¬ 
tate whatever, but as with deuteroalbuinoHc from fibrin, the applica¬ 
tion of a little heat induced a slight turbidity, which disappeared on 
raising the temperature still higher. Again, on the further addition 
of sodium chloride, a heavier precipitate was produced which disap¬ 
peared completely on heating the solution and reappeared on cooling; 
and lastly, by adding more sodium chloride, a precipitate was ob¬ 
tained which was permanent oven on heating the mixture to boiling. 
In these, as in nearly all other respects, the denteroalhumose showed 
itself the same in nature as the deuteroalbumosc from fibrin, ami the 
reactions given for that body can well be applied here. In one relic¬ 
tion only was "there any very noticeable difference; viz: in the 
reaction with cupric sulphate. Deuteroalbumosc from egg-albumin 
gave only a slight precipitate with cupric sulphate, even on the addi¬ 
tion of a minimum amount of the copper salt.* With acetic acid and 
potassium ferrocyamde, the reaction was much the same as with pro* 
toalbumosc. Boiling with sodium hydroxide and lead acetate gave 
a decided blackening of the fluid, from the presence of sulphur. 

A, Heteroalbumos(\ 

The greater portion of the hcteroalbumose was obtained by the 
dialysis of the 5 and 10 percent, sodium chloride solutions of the 
first salt precipitate, viz: in the purification of protoalbumoso. 
Home, too, was also found in the dialysis of the precipitated douteroal* 
buraose. In both cases, the allmmoso was left as a more or less gummy 
precipitate, closely adherent to the parchment of the dialyser, sepa¬ 
rating out as the sodium chloride left the solution. The product 
was purified by solution in 5 per cent, sodium chloride, re-precipitation 
by the addition of salt in substance, re-solution in ft per cent, sodium 
chloride and separation by dialysis, continued until all chlorine was 

* This fact simply shows the greater purity of this preparation of Uouteronllmmoao 
or rather its freedom from protoalbumose, for as Dr. Nonmeistor 1ms recently shown, 
perfectly pure deuteroalburaose gives no precipitate whatever with cupric sulphate. 
Later, we wore able to prepare (loutoroalbumose entirely free from protoalbumoso. 



Analysis of A. Heteroalboiose. 
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removed from the solution. Like heloroalbumosc from fibrin, this 
product each time it was re-dissolved in dilute sodium chloride, left 
a residue soluble only in dilute acids; presumably dysalbumose. 

After being washed with water, alcohol and ether, the product 
was dried at 100° 0. in n<tvtto and then analyzed with the results 
shown in the accompanying table. 

The ash consisted mainly of calcium phosphate and a little ferric 
oxide, but did not contain any sulphate. The reactions of the body 
were found to be almost identical with those described as character¬ 
istic of hctcroalbumosc from fibrin.* Suspended in water or dis¬ 
solved in 5-10 per cent, sodium chloride solution and then heated to 
boiling, the heteroalbumose was changed into a hotly, eorujuhiM 
hftwoulbumoHt*, insoluble in sodium chloride but slowly soluble in 0*2 
per cent, hydrochloric acid, from which it was precipitated by neu¬ 
tralization, apparently reconverted again, in part, into soluble heloro- 
albumose ami in part into a body resembling dysalbumose. Thus 
on neutralizing the acid solution, a decided precipitate was obtained 
which was in part soluble in 5 per cent, sodium chloride (heteroalbu¬ 
mose), while the residue insoluble in the salt solution was soluble in 
dilute acids and in dilute alkalies (dysalbumose). in the tiltmtc 
from the neutralization precipitate, noetic acid showed the presence 
of still more heteroalbumose, which could be separated from the 
solution by dialysis. 

Further, the heteroalbumose was found to be soluble in dilute 
acids, alkalies and alkaline carbonates, and from the solutions thus 
formed, it was reprecipitalcd by neutralization, but never completely; 
the amount remaining in solution being dependent naturally on the 
amount of neutral salt contained in the fluid. 

Nitric acid precipitated the allmtnoflc, the extent of the precipita¬ 
tion depending on the amount of sodium chloride present. Acetic 
acid likewise gave a precipitate, soluble in excess of the acid. With 
acetic acid and potassium ferrooyauide, a precipitate was formed also 
soluble in excess of acid. With cupric sulphate, on the contrary, 
a heavy precipitate was obtained in a sodium chloride solution of the 
allmmose, insoluble in excess of the copper salt. The substance gave 
the so-called biuret reaction with cupric sulphate and potassium 
hydroxide quite plainly, and also gave evidence of the presence of 
sulphur on boiling with potassium hydroxide and plumbic acetate. 


* Sec 55eitsclmll fur Biologio, baud xx, p. 82-36. 



Analysis of B. Protoalbumose. 


Chittenden and Holton — ffijg-Alfnnnin ttnd Alhmmm*#, 


350 



$Sf 3 S? 3 $ 
g § * 5 ^ S$ 


i 

! 


: ? 


v 

r« 


S 

« 


I 


: :§ , 


8, 

ST* 


§> 


O T-1 » 
S TH • 


O M ’/i CQ O 


tithtffl 








Oh iftenden am! Bolton — lint to in ami -1 Hnun os< s t 35 L 


Digestion of albumin B. 

340 grains of the dry albumin, noil-coagulated, wore soaked in 2 
litres of 0-4 per cent, hydrochloric acid for 21 hours, then wanned up 
t.o 45° C. and l litre of the purified pepsin-hydrochloric acid added, 
also warmed at the same temperature. The mixture was kept at 
45° C. for 16 hours, then neutralized and filtered. The filtrate 4 , con¬ 
taining the albumose bodies formed from the uon-eoagulaled albu¬ 
min, was then treated as already described under Albumin A. 

B. Protoalbumose. 

The protoalbumose isolated from this digestion, was purified in 
much the same manner as A protoalbumose, and did not (lifter from 
il in its reactions, except that with water it did not dissolve to quite 
so clear a solution; in fact its solution in water resembled more 
closely the aqueous solutions of protoalbumose from fibrin. During 
its final purification, it was dialyzed in running water until no chlorine 
reaction could be obtained with silver nitrate. In spite of this fact, 
however, tin 4 preparation contained a large percentage of ash, con¬ 
sisting mainly of calcium sulphate, ferric oxide and a little calcium 
phosphate. 

The accompanying table shows the composition of the substance 
after drying at 106° C., in vacuo , until of constant weight. 

In the purification of this protoalbumose, the substance was repre¬ 
cipitated three times by saturating the aqueous solution of the pre¬ 
cipitate with sodium chloride. By this treatment, as already stated, 
there is considerable loss, inasmuch as the precipitation of prolo- 
albumose with salt in this manner is never complete, considerable 
remaining each time in the salt-saturated fluid. By adding a very 
little acetic acid, however, the protoalbumose is completely precipi¬ 
tated from the salt-saturated solution. The filtrates therefore, from 
the second amt third precipitations of protoalbumose with salt 
alone were united, and the albumose remaining in them precipitated 
by the addition of a little acetic acid, saturated with sodium chloride. 
Our object was to sec whether the protoalbumose* which had at one 
time been precipitated by salt alone and then had finally become 
soluble in the salt-saturated fluid, differed at all in composition or in 
reaction from the protoalbumose still insoluble in the salt solution. 

The albumose separated in this manner was purified by being dis¬ 
solved in water, the solution made exactly neutral with sodium car¬ 
bonate and dialyzed for several days. The fluid was then con- 
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centrated to a syrup and the albumose precipitated by alcohol. 'This 
precipitate was again dissolved in water, the solution made exactly 
neutral and again dialyzed. 

After suitable concentration, the albumose was again precipitated 
by alcohol, washed with alcohol and ether and dually dried at 100° l 1 . 
in nacno. 

The lesults of the analysis are seen in the accompanying table. 

The ash in this preparation is seen to he much smaller than in the 
protoalbnmose precipitated by salt alone. In other respects the two 
analyses are closely comparable, particulaily the carbon and sulphur. 

The reactions wore in almost every case the hame as with the pre¬ 
ceding preparation, excepting perhaps a somewhat greater solu¬ 
bility. 

B. Deuta'mrfbumoM, 

This body was separated and purified in exactly the same manner 
as in the preceding digestion. The analysis of the product is shown 
in the accompanying table. The ash contained some calcium sul¬ 
phate and a little ferric o\ido. The reactions of the body were the 
same as those of A deuteioalbumose. 

From this digestion, more or less hetcroalbumose was separated 
but no analysis was made of the product, as the amount was rather 
small for the necessary purification. 

Di(/eation of Albumin (\ 

Tn the digestion of this sample of coagulated albumin, a much 
more vigorous pepsin-hydrochloric acid was employed than in the 
preceding digestions. The freshly coagulated albumin was placed 
in S litres of 0*4 per cent, hydrochloric acid and brought to a tem¬ 
perature of 45° 0., then 400 c. c. of a pepsin solution, made from a 
pure glycerin extract of pepsin, were added and the mixture kept at 
4f>° O. for 24 hours. The fluid was then neutralized, filtered ami the 
clear liltrato saturated with sodium chloride. The albumose bodies 
wore then separated and purified according to the methods already 
described. 

The several bodies showed the same reactions as observed in the 
preceding preparations. 

Protoalbnmose and deuteroalbumose wore analyzed. The results 
arc shown in the accompanying tables. The ash of the deutero- 
albumose contained no sulphate, but was composed almost entirely 
of ferric oxide. 
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Dymlbumom . 

This form of albumose was found in all three digestions, but the 
amount was much smaller than noticed in the fibrin digestions. The 
substance was obtained as an insoluble residue, .after extracting the 
first sodium chloride precipitate successive !y with to and f> per cent, 
salt solutions and with water. It was then dissohed in 0*2 per cent, 
hydrochloric acid, aud after filtration precipitated by neutralization. 
After precipitation in this manner, a portion of the substance was 
found soluble in sodium chloride and on dialysis of the solution, sep¬ 
arated in much the same manner as heteroalhumose. The portion 
still insoluble in salt solution was them washed thoroughly with 
water and lastly with alcohol and ether. Not enough of the alhu- 
mose was separated from any one digestion for analysis, but by unit¬ 
ing the products from all three, sufficient was obtained for the 
following analytical data: 

[. 0*2537 gram substance gave 0*1500 gram II,Ossti*' f >7 percent. II 
and 0*4550 gram GO t =48*92 per cent. O. 

IT, 0*3700 gram substance gave 40*3 c. c. N at 13*8° V. and 70P3 m,H 
pressures 14*90 per cent. N. 

ITT. 0*1354 gram substance gave 0*0060 gram ashmfrOO per cent. 

The ash-frcc substance therefore contained 51*52 per cent. O, 0*02 
per cent. II, 15*70 per cent. N. The ash was composed wholly of 
ferric oxide. 

The peculiar behavior of dysalbumose after solution in either 
dilute acids or sodium carbonate and neutralization, shows plainly 
that the substance is simply hetcroalbumose rendered insoluble by 
action of the sodium chloride. Dysalbumose, wholly insoluble in 
sodium chloride, is readily dissolved by sodium carbonate of 1 per 
cent., and on neutralization of the alkaline fluid is in great part pre¬ 
cipitated. The substance however, is now soluble in sodium chlor¬ 
ide and has evidently been reconverted into heteroalbumoHo. It 
is very apparent, however, from our results that hoteroallmmose 
from egg-albumin is not so readily converted into dysalbumose by 
the action of sodium chloride, as heteroalhumose from fibrin. In 
all three of our experiments, the amount found was very small. 

Further, it would seem as if heteroalbumoso from albumin was 
somewhat more resistant to the action of alcohol and ether than 
hetcroalbumose from fibrin. Still the former did become quite 
rapidly insoluble in sodium chloride after standing under alcohol 
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for a short time. The reactions of dysalbumose, aside from its 
behavior towards sodium chloride, wcie found (o be much the same 
as those of hoteroalbumose. 

Relation of the of bn hums to adnnnin. 

In composition, the albumoses from albumin are seen to differ from 
each other somewhat more than the all Mimeses from fibrin; collec¬ 
tively, however, there is loss difference in composition between the 
albumose bodies and the albumin from which they are formed, than 
noticed in the case of the albumose bodies from fibrin. 4 ' In the 
latter, however, there is no guarantee that the fibrin employed in 
the experiments bad the actual composition assigned to pun" blood- 
fibrin. The fibrin-albumoses collectively contained about 50*0 per 
cent, of carbon and 1M per cent, of nitrogen, while Uammarston 
found fibrin itself to contain 52*0 percent, of carbon and 1(H) per 
cent, of nitrogen. In our experiments, on the other hand, we have 
for comparison the composition of the albumin actually used in the 
experiments, and in the accompanying table the differences in com¬ 
position of the various products are plainly to bo seen. 

Examining these in detail, we see that, all of the products show a 
somewhat smaller content of caibon than albumin itself. With 
nitrogen, however, there is a very close agreement throughout, and 
with sulphur likewise. In the case of the fibrin-albumoses it was 
considered that the diminished percentage of carbon indicated plainly 
that the albumoses were hydration products, and that they were 
formed frOm fibrin by simple hydrolytic action. The results 
obtained with the globuloses did not appear to confirm this view, 
but in this case it must be remembered that the digestion of globulin 
by gastric juice maybe quite a different process from albumin diges¬ 
tion. With albumin, however, the results, although less pronounced, 
also indicate hydrolytic action and that the products formed are 
hydration products. 

The following table shows the extent of these differences, and also 
shows the close agreement in composition between proto-and deutero- 
albumose and the so-called soluble and insoluble hemialbumose from 
egg-albumin, isolated and analyzed by Ktthno and Chittenden at the 
commencement of their study of these bodies.* 


* See £eitsclirift fur Biologie, Band xu, p, HI. 
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Deuteroalbumose is soon to contain 0*7 permit, less carbon than 
egg-albumin, while protoalbumose contains fully 1*‘2.> per mu. less. 
The nitrogen in the two compounds is in accord with the coni wit of 
carbon and the composition of the two products certainly suggests 
hydrolytic action. 

The lower content of carbon in the allmmose bodies has boon ex¬ 
plained by some writers on the ground that the precipitant# used, 
principally acetic acid, would tend to form an acid compound, and 
that even when dried and ready for analysis, the compound would 
still contain some acid; which fact would be sufficient to account for 
the low content of carbon found. It is to be noticed, however, in 
these results that the deuteroalbumose, not only on nil average 4 but 
in each individual case, contains more carbon than protoalbumose, 
which was precipitated by ROdium chloride alone without the addi¬ 
tion of any acetic acid whatever. Further, comparing the two 
preparations of protoalbumose B, one of which was precipitated 
by salt alone and the other hy acetic acid, it is seen that the 
percentage of carbon is the same in both. Unquestionably proto- 
aud deuteroalbumose both do combine with acids, but after neutral- 
Nation and long continued dialysis the albumose body certainly 
exists in a free state, uncombinod with either acid or alkali. 

The groater portion of this work was completed before we had any 
knowledge of I)r. Ncmmcistor’s work on the complete separation of 
protoalbumose from douleroalbumoHe.fl It was, therefore, too lute for 


* See Ktilme aud Chittenden, Uober die nneliskm Hpaltunghprodudn doi Kiweiss- 
korper. Zeitsohrift far Biologic, Band xix, p, 1 VI. 

1 Average of all the products analyzed, JfaitsuhiifL fur Uiologie, Band p. 40. 
t According to Ilammarston, § Average of all products. 

|| Hur Kemitniss der Albumoson. Zoitschrift fur Biologic, Band xx’ui, p. 381. 
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us to take advantage of his mot hod of separation. Our preparations 
of douleroalbumose unquestionably wore not wholly free from proto- 
albumoso, but that, they <li<l not contain much of this body is evi¬ 
denced. by the small precipitate obtained with cupric sulphate; for, 
as Dr. Nemnoistor 1ms recently shown, deuteroalbumoso entirely free 
from proloallmmoso gives no precipitate whatever with euprie sul¬ 
phate. 


Trans. Conn Acad., Vol. VU. 4(> 


NoV*, 1886, 



xxn.—c Uhkin Am> ITS PlilMAUY (YlGAVAGK PROIWClh. I >Y 
It. II. OiinruNDKN and IT. M. Pain'iku, I5.A,, Pii.lh 

Following out the general plan of procedure indicated some time 
ago with other albuminous bodies, 1 * * * § we have endeavored to prepare 
and study the primary products formed in the digestion of pure casein 
with pepsin-hydrochloric acid. Assuming that casein in its conver¬ 
sion into peptone by artificial gastric juice, passes through certain 
intermediate stages, in which bodies akin to the albumose bodies 
arc formed, we have applied the methods of separation used so suc¬ 
cessfully in the past and have boon able to isolate n class of bodies 
bearing the same relationship to casein that the albumoses do to 
albumin. For this class of bodies wc propone the name of wwwwt. 

In studying these substances and particularly their composition, 
wc deemed it essential to bo certain of the purity and composition 
of the casein to be digested; particularly in view of the recent con¬ 
troversy between Ilammarstenf and A. Danilewsky as to the single 
nature of this albuminous body. Assuming, as claimed by Dan- 
ilewsky,J that casein is a mixture of two albuminous bodies and that 
the numerous analyses recently made by Hammarsten of various 
preparations of casein arc incorrect, particularly in the percentage 
of sulphur, made it incumbent on us to obtain some data on these 
points confirmatory of one or the other view, before advancing to a 
study of the products formed by the digestion of casein. 

Of the various methods used for the preparation of pure casein, 
that depending on repeated precipitation by acids and re-solution 
in alkalies has been the most in vogue; feu* although theoretical 
objections might bo advanced as to the possibility of change* in the 
nature of the substance under the influence of acids and alkalies, the 
results obtained have in some* respects, at least., been very satisfac¬ 
tory. Alex. Schmidt, in conjunction witli Kapcller^ showed plainly 
that dialysis of milk and then precipitation of the casein by acetic 
acid, while it gave fairly good results, was not sufficient in itself to 

* See the preceding articles on globuloscs and albumosoa, 

f See Zeitselirift fur phyaiologisoho Ohomio. Band vii, p, 227. Zur tfrago, ob das 
casein ein omheitlicher stoiT sol. Also mno volume, p. 427. 

J Roo Zcitsohrift fur physiologischo ohomio, Band vii, p. 432. 

§ Boitrag icur Konutniss dor Milch, Jahrosboricht Mr ThiorchOmic, 1871, p. 101 
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wholly remove the inorganic sails and thus recourse was had to 
repeated precipitation by acids, after solution in dilute alkalies l»y 
this method, Ilaminnrston* came to the conclusion that milk con 
tains but two albuminous bodies, viz: casein and l.ictu-nlhumiu, and 
the same investigator has repeatedly made use of this method tor tin* 
preparation of pure casein. Lundbergj has plainly shown the notice¬ 
able resistance of casein to the action of acids, and llammarstcn has 
indicated the possibility of using acetic acid, if necessary, in place 
of the stronger hydrochloric acid. Millon and (Vmmaille, however, 
have claimed that in the precipitation of casein with either acid, the 
precipitate does not consist of free casein, but is a compound of 
casein with the acid used. 

This erroneous view, HaramarM.cn shows depends simply on the 
great difficulty of washing the precipitated casein completely, and 
he suggests that it is perhaps impossible to prepare large quantities 
of casein absolutely pure. For the preparation ol the substance, 
however, llammarstcn recommends acetic acid in preference to 
hydrochloric acid and final drying ol the compound at a temperature 
of 110° C. 

Dauilowsky and Radenhausou,’| however, prefer to use hydrochloric 
acid in the preparation of pure casein, ami for this purpose they use 
skimmed milk, diluted with 1-5 volumes of water, to which the dilute 
acid is added little by little, until a good precipitate is obtained. 
After filtration and repeated washing with distilled water, the casein 
is rubbed line, then dissolved in water to which a little ammonia 
has been added, the lluid filtered and the clear filtrate again precipi¬ 
tated by the addition of a little dilute hydrochloric acid. Casein, so 
prepared, after being washed with distilled water, reacts acid to test 
papers and shows the usual reactions of this body; but if when 
freshly precipitated, the substance is boiled with perfectly neutral 
50 per cent, alcohol and filtered hot, according to Dauilowsky and 
Radenhausen, the casein is separated into two bodies, one of which 
is partially soluble in hot alcohol and separates out on cooling, while 
the other is insoluble. The soluble portion is termed caseoprotalbiu, 
the insoluble portion easeoaUramin. The former, it is stated, gives 

# Zur Koimtufow Oa««oins uud dor Wirkiutg dos LubfcnnenUM, Jalirosboriehi 
Air Tliiorohomio, 1877, p. 158, 

j Kloinoro Beitrago zur ICouutniss doa Caseins, JaUrosborieht Cur Thiorcliomlo, 
1876, p. 11. 

X Untoremohungen tiber die Eiwoisstoile dor Milcli, Jahresbcricht ftlr Thierchoniio, 

1880, p. 186. 
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no sulphnr reaction when boiled with 2 per cent, sodium hydro vide, 
but contains 1*13 per cent, of sulphur, while caseoalbumin is stated to 
contain 1-23 per cent, of sulphur. Hence, according to these investi¬ 
gators, casein is a mixture of two bodies, one of which is rich in sul¬ 
phur, while the other contains a somewhat smaller amount. The 
objection which these investigators make to the use of acetic acid in 
the preparation of casein, is that from a sodium acetate solution, 
casein itself is not precipitated, or only in part, but that the precipi¬ 
tate consists mainly of the protalbin body. Further, Danilewsky 
and Radenhausen claim that caseoalbumin dissolved in 1 per cent, 
sodium hydroxide and allowed to stand for 24 hours at the tempera¬ 
ture of the room, is changed almost completely into caseoprotalbin, 
with loss of sulphur and calcium phosphate. In a similar manner, 
protalbin dissolved in lime water, with addition of alcohol and phos¬ 
phoric acid, can be changed into caseoalbumin. 

Hammarsten,* however, takes exception to these views and points 
out that the peculiar behavior of Danilewsky’s casein towards boiling 
50 percent, alcohol, depends in part upon its content of*calcium phos¬ 
phate, the presence of which impurity depends upon the use of hydro¬ 
chloric acid in the precipitation of the casein, which acid does not 
favor the removal of the salt as well as acetic acid. Using acetic 
acid as the precipitant and then employing a casein three times so 
precipitated, and which analysis showed to be almost entirely free 
from calcium phosphate, Hammarsten, by treatment with boiling 
alcohol, was unable to obtain anything more than a trace of sub¬ 
stance corresponding to caseoalbumin. Further, casein is unques¬ 
tionably changed by boiling with alcohol, as Hammarsten clearly 
shows; in fact it is well known that heating an albuminous body in 
water is liable to change its nature, at least its solubility, and there 
is no reason why treatment with 50 per cent, alcohol should not lead 
to a like result. Again, Hammarsten points out clearly another 
inconsistency in the reasoning of Danilewsky and Radenhausen in 
connection with the so-called conversion of caseoprotalbin into caseo¬ 
albumin. The former body is stated to be poorer in sulphur than 
the latter, and yet we are told that the protalbin body can be con¬ 
verted into caseoalbumin by simple solution in lime water and addi¬ 
tion of phosphoric acid, with or without alcohol. Yet how it is 
possible by this method of treatment to convert a body with a small 


* Zur Frage, ot> das Casein ein einheithcher Staff sei. Zeitsehrift fur pbysiologische 
chenaie, Band vii, p, 22*7. 
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content of sulphur into a body richer in sulphur, is hard to see. 
Much more plausible is it, as suggested by llammar&ten, that in 
these two bodies we have to deal with the same substance, in the 
one case united with calcium phosphate, and in the other uncom¬ 
bined with this salt; or in other words that the so-called protalbin 
body in the absence of calcium phosphate is soluble in boiling 50 per 
cent, alcohol, while in the presence of that salt it is insoluble. 

This view being correct, and Hammarsten’s observations would 
tend to show that it is, it is obvious that the caseoprotalbin of Dan- 
ilewsky is simply a portion of the casein, which, owing to lack 
of a sufficient amount of calcium phosphate, passes into solution on 
being boiled with dilute alcohol; while caseoalbumin, on the other 
hand, is likewise a portion of the casein, insoluble on account of the 
presence of calcium phosphate; changed, however, more or less by 
action of the boiling alcohol. Further, the reason why casein 
precipitated several times by acetic acid does not contain as much 
calcium phosphate as when precipitated by hydrochloric acid, and 
thus reacts differently with alcohol, depends on the far greater insol¬ 
ubility of freshly precipitated casein in excess of acetic acid than in 
hydrochloric acid. In the precipitation of casein with hydrochloric 
acid only the slightest excess of acid can be added, on account of the 
ready solubility of the precipitate in this dilute acid. With acetic 
acid, however, a moderate excess can be added without solution of 
the precipitate, and thus in the latter case, a larger proportion of 
mineral salts are removed at each re-precipitation. 

Danilewsky and Radenhausen have further called attention to the 
fact that casein precipitated with hydrochloric acid yields a larger 
amount of alkaline sulphide than when precipitated by acetic acid. 
This statement, Hammarsten has several times been able to verify, 
but the latter investigator seeks an explanation for this fact in the 
occasional presence of a second albuminous body, richer in sulphur, 
presumably serum-globulin, precipitable like casein by acids. Serum- 
globulin too, is readily soluble in excess of acid, even more so 
than casein, and hence by the acetic acid method of precipitation, 
which allows a far greater excess of acid, the casein would be much 
less liable to contamination by this hypothetical globulin than by the 
hydrochloric acid method. In this connection it may be well to 
notice that Musso and Menozzi* claim the presence in milk of a 
peculiar albuminous body containing 53 #, 74 per cent. C, 15*52 per 


* Studien uber das Eiweiss der Milch, Jahresbericht fur Thierchemie, 1878, p. 139. 
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cent. N and 1*55 per cent. S, for which they claim a position 
midway between serum-albumin and casein. It can be partially pre¬ 
cipitated from fresh milk at ordinary temperatures by the addition of 
acetic acid. Further, Lebelien* has proved the presence in milk of a 
globulin-like body, lacto-globulin, which can be precipitated by satu¬ 
rating the fluid remaining after removal of the casein with sodium 
chloride, with magnesium sulphate. The substance appears to he 
identical with paraglobulin, and thus this fact, just discovered, would 
seem to confirm Ilammarsten’s theory as to the cause of the greater 
content of sulphur sometimes noticed in casein precipitated by hydro¬ 
chloric acid. 

Accepting then, Hammarsten’s views as correct, it is obvious that 
casein precipitated by acetic acid, if not a single body, must be com¬ 
posed of two bodies, more or less alike and both precipitable by 
dilute acids. In attempting to settle this point definitely, Hammars- 
ten has sought by analysis of a large number of preparations made 
under different conditions, to obtain data as to the exact composition 
of casein variously prepared. Naturally in this connection, consider¬ 
able attention was paid to the content of sulphur, since, JDanilewsky 
and Radenhausen’s views being correct, variations in the content of 
sulphur would naturally be expected. If casein is a mixture of equal 
parts of caseoprotalbin and caseoalbumin with 1*13 per cent, and 
1*23 per cent, of sulphur, respectively, then casein itself would, nat¬ 
urally contain 1*18 per cent, of sulphur; an amount somewhat higher 
than has been found heretofore. 

Recently, Dainlewskyf has modified his views somewhat, and now 
considers casein, as before, to be a mixture of two distinct bodies, 
but of nucleoalbumin with nucleoprotalbin instead of caseoalbumin 
and caseoprotalbin. As the reactions of these two bodies are appar¬ 
ently much the same as those given as characteristic of the casco- 
bodies, this change of view appears to be mainly a change of name. 
Danilewsky still claims the correctness of the high coutent of sul¬ 
phur in casein and assumes that the variation in the results obtaiued 
by different workers is due simply to difference in the methods of 
determination, and that unquestionably pure casein contains over 1*0 
per cent, of sulphur. 

The content of sulphur in casein as determined 30-40 years ago by 


* Beitrag zur Kenntniss der Eiweisskorper der Kuhnnlch. Jahresbericht fur Thier- 
ehemie, 1885, p. 184. 

fSee Zeitschrift fur physiologische chemie, Band vxi, p. 433. 
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Lehmann, Rtlhling, Volckel and others,* * * § varies from 0*85 per cent, to 
1*10 per cent. Ritthausen,f from several analyses ol' the copper 
compound of casein, found a content of sulphur equivalent to 0*80- 
1*12 per cent, in the free casein. Schwarzenbach,J; by a study of the 
platinum cyanide compound of casein, ascribed to casein itself a con¬ 
tent of 0-19-1*10 per cent, of sulphur. Hammarsten, however, found 
by analysis of eight distinct preparations of casein, some of which 
had been reprecipitated even ten times with acetic acid, a content 
of sulphur ranging from 0*619 per cent, to 0-775 per cent.§ Later, 
Hammarsten|| analyzed four other preparations of casein and each 
by six distinct methods. Omitting two or three results, which were 
altogether too low on account of inaccuracies in the method, Ilarn- 
marsten found in these different preparations of casein, as a result 
of twenty-nine distinct determinations by five different methods, 
0*798 per cent, as maximum, 0*726 per cent, as minimum, or 0*758 
per cent, as the average, content of sulphur. Taking, however, the 
results obtained by what Hammarsten considers as the more correct 
methods the average content of sulphur is raised to 0*77-0*78 per 
cent. In no case did Hammarsten obtain results in any way con¬ 
firmatory of Danilewsky’s views. Hammarsten further made a large 
number of phosphorus determinations, and these as well as the results 
obtained for carbon and nitrogen showed too little variation to war¬ 
rant the idea of a mixture of two bodies of unlike composition. 
While therefore, Hamraarsten’s results would seem to point conclu¬ 
sively to the unit-like nature of casein, we have, however, made quite 
a number of different preparations of the substance, both from fresh 
milk and from skimmed milk, with the idea of obtaining confirmatory 
data, with which to make direct comparisons between the composi¬ 
tion of casein and its primary cleavage products. 

Preparation and composition of Casein. 

The casein was precipitated in some cases by acetic and in others 
by hydrochloric acid. In both cases the acid used was very dilute, 


* See Gmelin-Krauts’ Handbuch der Organische Chemie, Band iv, Abtheilung, iii, 
mo, p. 2254. 

f H. Ritthausen und R. Pott, Untersuchungen fiber Yerbindvmgen der Eiweisskorper 
mit Kupferoxyd. Journal fur prakt. Chemie, 1873. Band vii, p. 361. 

t Annalen der Chem. u. Pharmacia, Band cxxxiii, p. 185. 

§ Zeitschrift fur physiologische Chemie, Band vii, p. 259. 

| TJebor den Gehalt des caseins an Schwefel and fiber die Besfiramung des Scliwefels 
in Proleinsubsfcanzon. Zeitschrift fur physiologische chemie, Band ix, p. 273. 
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the hydrochloric acid being 0*2 per cent. In dissolving the casein 
for re-precipitation, a very dilate solution of ammonium hydrox¬ 
ide was employed; in fact so dilute as to consist of hardly more than 
water with a trace of ammonia. We used ammonia, in preference to 
sodium or potassium hydroxide, as this alkali would seem less liable 
to induce any alteration in the content of sulphur. Further, in dis¬ 
solving the casein in ammonia, the solution at no time became more 
than very faintly, if at all alkaline; usually being hardly more than 
neutral to test papers. 

The general method of procedure was to dilute fresh cow’s milk 
with about four volumes of water (skimmed milk diluted considerably 
less) and then to precipitate the casein with either hydrochloric or 
acetic acids, adding the precipitant cautiously, until complete precipi¬ 
tation was obtained. The piecipitate was then washed as completely 
as possible with large quantities of water, both by decantation, tritura¬ 
tion with water in a mortar and on a cloth filter^ The casein was 
then dissolved in the ammonia water, filtered through paper and 
reprecipitated, each time being thoroughly washed with water. In 
the portion used for analysis, the final precipitate was further washed 
with alcohol and ether and lastly soaked in a mixture of alcohol and 
ether for the more complete removal of any fat. The preparations 
weie then dried in the air and lastly on a water bath at a gentle heat. 
When dry, they were powdered and extracted with boiling ether 
in a fat extractor for several hours, to insure complete freedom 
from fat. Ultimately, the products for analysis were dried at 105° C. 
in vacuo until of constant weight. 

In all, seven preparations of casein were made for analysis, as 
follows: 

No. I. From fresh milk, precipitated twice with hydrochloric acid. 
u II. From fresh milk, precipitated twice with acetic acid. 

“ HI. From skimmed milk, precipitated three times with acetic acid. 
u IV. A portion of No. IH, precipitated a fourth time with acetic add. 
w V. From skimmed milk, precipitated three times with hydrochloric 
acid. 

“ VL A portion of No. V, precipitated a fourth time with hydrochloric 
acid. 

“ VII. From skimmed milk, precipitated four times with hydrochloric 
add. 

The methods of analysis were essentially the same as those em¬ 
ployed by Kuhne and Chittenden in the analysis of the various albu- 
mose bodies. Carbon and hydrogen were determined by combus- 
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tion with oxygen in an open tube, the gases passing over a long layer 
of granular oxide of copper at a bright red heat, a layer of lead chro¬ 
mate at a dull red heat and a roll of freshly reduced metallic copper. 
Nitrogen was determined as nitrogen gas by combustion with oxide 
of copper, the gases passing over a long anterior layer of heated 
oxide, a short layer of metallic copper and a final layer of oxide of 
copper. The tube was exhausted with a Sprengel pump before and 
after the combustion and the nitrogen was collected in a Schiffs 9 azo- 
tometer, provided with a jacket tube for rapid cooling of the gas to a 
constant temperature. In the determination of sulphur and phospho¬ 
rus, the substance was fused with a mixture of potassium hydroxide 
and potassium nitrate (10 grams of the former and 1*5 grams of the 
latter) in a silver crucible, according to the method, designated by 
Ilammarsten * as 1 a. In order to economize time, a single fusion was 
made to serve for both a sulphur and phosphorus determination; in 
other words, a sufficient amount of casein (usually 1*2 grams) was 
fused with potassium hydroxide and nitrate, the fused ma^s dis¬ 
solved in water, the solution made up to a known volume and then 
one-half, representing one-half of the original substance, was used for 
the sulphur, the other half for the phosphorus determination. Both 
the alkali and the nitrate were free from sulphur and phosphorus; at 
least to such an extent that in a blank experiment, the resultant 
solutions gave no precipitate whatever, with either barium chloride 
or with molybdic solution. The oxidations were made at as low a 
temperature as possible, except towards the end when the temperature 
was raised, and occasionally a little more nitrate added, to facilitate 
complete oxidation. 

As the percentage of sulphur was quite an important point, we 
took particular pains to have the final acid fluid entirely free from 
nitrate and nitrite, as well as from any excess of hydrochloric acid, 
so as to avoid as much as possible any solvent action on the 
barium sulphate. For the determination of sulphur, therefore, the 
alkaline solution of the fused mass was acidified distinctly with hy¬ 
drochloric acid and the acid solution evaporated to perfect dryness 
on the water-bath. Iu this way the objectionable nitrate and nitrite 
were removed. The residue was then moistened with hydrochloric 
acid, taken up in water, and the solution allowed to stand until any 
chloride of silver present, had settled out. The fluid was then fil¬ 
tered and precipitated as usual with barium chloride. For phos- 


# Zeitbchrift fur physiologiscbe Chomie, Band jx, p. 289. 
Trans. Conn. Acad., Yol. YII. 47 


Nov., 1886. 
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phoruR, the alkaline fluid was acidified with nitric acid, evaporated 
to dryness, the residue dissolved in a little water acidified with nitric 
acid, filtered, and the phosphoric acid precipitated in the usual man¬ 
ner with ammonium molybdate. After standing 24 hours at 40° C. 
this precipitate was filtered off, dissolved in ammonium hydroxide 
and the phosphoric acid re-precipitated as ammonio magnesium phos¬ 
phate and ultimately weighed as magnesium pyrophosphate. The 
accompanying tables show the results of the analyses of the different 
samples of casein. 

Comparing now the average composition of these different prepa¬ 
rations of casein, it is to be seen that they all show a very close 
agreement throughout. Thus the percentage of phosphorus in the 
seven preparations varies only from 0*84 to 0*89, sulphur from 0*75 
to 0*89, nitrogen from 15*75 to 16*08, hydrogen from 7*01 to 7*11 and 
carbon from 58*19 to 53*53 ; or leaving out one preparation which for 
some reason showed a high content of carbon, from 53*19 to 53*39 
per cent. The results therefore show a constancy in composition 
fully as marked as observed by Ham mars ten and Urns tend to confirm 
the latter in the view that casein is a single body of definite com- 
nosition. 4 

Comparing our results collectively, with those obtained by Ilam- 
marsten (see table showing average composition), we find a fairly 
close agreement throughout, although minor differences are to be 
observed. First, all of our preparations show a content of carbon 
somewhat higher than found by Hammarsten. The latter investiga¬ 
tor found the carbon in his preparations to vary from 52*78 to 53*09 
per cent., while in all of our preparations, the content of carbon cal¬ 
culated to the ash-free substance is above 53 per cent. The possi¬ 
bility of our preparations still containing some fat was rendered 
improbable by the thorough treatment with ether which they had 
received, and further by the fact that the nitrogen in our preparations 
was also somewhat higher than found by Hammarsten. One of the 
preparations, however, with a high content of carbon, was extracted 
again for several hours with boiling ether, but on analysis the con¬ 
tent of carbon was found unchanged. The content of phosphorus 
agrees exactly with Hamraarsten’s results, while the sulphur is, on an 
average, 0*1 per cent, higher. There is nothing in the content of sul¬ 
phur, therefore, to even suggest confirmation of Dauilewsky’s views. 
The amount of ash in our preparations was somewhat larger than 
found by Hammarsten and further, there is no especial connection to 
be seen between the content of ash and the precipitant used; the 

Trans. Conn. Acad.. Vol. TIL 48 Nov., 1886. 
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* See Zeit^elirift fur phypiologisehe chemie, Band vii, p. 269. 
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amount in the acetic acid precipitate being fully as large as in the 
casein precipitated by hydrochloric acid. 

Compared with Ritthausen’s results (see table showing average 
composition), obtained by analysis of the copper compound of casein, 
the percentage of carbon comes very much too high. It is question¬ 
able, however, how close a comparison should be drawn between 
indirect results obtained by analysis of a metallic compound of 
casein and those obtained by analysis of casein itself. 

In conclusion then, we must affirm that our results accord closely 
with those of Hammarsten’s, while the two together make it very 
improbable that in casein we have to do with a substance composed 
of two bodies of unlike composition. 

Digestion of Casein and Formation of Caseoses. 

In the digestion of casein with pepsin-hydrochloric acid, the casein 
was prepared by precipitation and reprecipitation with acetic acid, 
and rendered as pure as possible by thorough washing with water. 
While still moist it was placed in 0*4 per cent, hydrochloric acid, as 
preliminary to its treatment with pepsin. Pure pepsin solution, free 
from peptone and albumose, was prepared from the mucous mem¬ 
brane of pig’s stomachs by the method already described.* 

Digestion A . 

1300 grams of moist casein in 4 litres of 0*4 per cent, hydrochloric 
acid were brought to a temperature of 45° C. and 600 c.c. of pure 
pepsin solution added. The mixture was kept at a temperature of 
45* C. throughout the digestion. The casein began almost immedi¬ 
ately to swell up and in less than an hour the entire mixture was con¬ 
verted iuto a serai-solid, jelly-like mass. Thereupon, one litre more 
of 0*4 per cent, hydrochloric acid was added, together with a little 
more pepsin solution. At the end of \hree hours, the mixture was 
quite fluid, but contained considerable gelatinous matter in suspension. 
Neutralization of a Altered portion, produced no precipitate whatever. 
The addition of crystals of sodium chloride gave a heavy white pre¬ 
cipitate and the filtrate from this precipitate gave a further precipi¬ 
tate on the addition of acetic acid. At the end of four hours, the 
entire mixture was made neutral with sodium hydroxide and then 
filtered through paper. The undigested residue, when dry, amounted 
to about 30 or 40 grams. This residue of so-called casein dyspeptone, 


* See the preceding article on egg-albumin aud albumoses. 
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which appeared in every digestion in greater or less quantity, was 
apparently wholly insoluble in fresh portions of gastric juico and 
was similar in its reactions to the like-body previously described by 
Lubavin.* When fresh, it appeared as a more or less jelly-like 
mass, much like starch paste. It was readily soluble in dilute alkalies 
and precipitated by neutralization, but insoluble in excess of acid. 
It was precipitated from its solution in dilute sodium hydroxide by 
addition of salt in substance. This body we did not attempt to 
study further, but hope to do so later. 

The filtrate from the undigested residue, when cold, was not per¬ 
fectly clear but became so on the application of a gentle heat. On 
boiling the solution, a very slight precipitate was formed. The addi¬ 
tion of acids, hydrochloric, nitric or acetic, either concentrated or 
dilute, caused a heavy white precipitate, not wholly soluble in excess 
of acid, even of concentrated hydrochloric. The precipitate was 
likewise more or less permanent when warmed or even boiled with 
the acid. In the filtrate from the precipitate produced by acetic 
acid, the addition of potassium ferrocyanide gave no precipitate. 
The precipitate produced by acids was readily soluble in dilute 
alkalies. On addition of nitric acid, of any strength, anil the appli¬ 
cation of heat even to boiling, the mixture turned first rose color then 
reddish, and as the boiling was continued the color deepened and 
finally became brownish red. The change from rose color to brown 
also takes place in the cold. With concentrated nitric acid the color 
is nearer the yellow of the xanthoprotein reaction, but still shows 
plainly the brown or reddish tinge. 

For separation of the individual caseoses, the entire solution with¬ 
out being concentrated, was saturated with sodium chloride, by 
which an exceedingly heavy precipitate, more or lens curdy, was 
obtained, which was finally filtered off and washed with saturated 
salt solution. The washing # was made more thorough by grinding 
the mass with the salt solution in a mortar. This precipitate, by 
analogy, would naturally be composed mainly of a body correspond¬ 
ing to protoalbumose with possibly something corresponding to heic- 
roalbumose. The precipitate was washed thoroughly with saturated 
salt solution, dissolved in water, filtered, and again precipitated by 
saturation of the fluid with sodium chloride. All of the substance, 
however, was not reprecipitated; quite a little remained in thesalt- 


* Ueber die Kilnsthclie Pepsin-Verdauung des caseins, etc, Hoppe-Soyler’s Med. 
Chemische TTntersuchnngen, p 461 
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saturated fluid and was thrown down as a white curdy precipitate 
by the addition of a little acetic acid, evidently some protocaseose 
not precipitated by salt alone. The main precipitate of protocaseose, 
etc., twice precipitated by salt, was treated with 3 litres of 10 per 
cent, salt solution, the residue with 3 litres of o per cent, salt solution 
and the residue still remaining, with 3 litres of water. In this man¬ 
ner, all of the proto and heteroeaseoso was dissolved, leaving a 
small residue wholly insoluble in dilute salt solutions and in water; 
presumably dyscaseose. The latter, however, was in exceedingly 
small quantity. It was dissolved in 0*2 per cent, hydrochloric acid 
and reprecipitated by neutralization of the solution with sodium 
carbonate. 


A. Protocaseose. 

The 5 and 10 per cent, salt solutions of protocaseose together with 
the aqueous solution, were united and the mixture saturated with 
sodium chloride. Here, as before, all of the protocaseose was not 
precipitated; a portion remained in the flit rate and was precipitated 
only on the addition of a little acetic acid. The main portion of the 
protocaseose precipitated for the third time with salt in substance, 
was dissolved in water, the solution filtered and divided into two 
parts. One part was thymolized and dialyzed in running water 
until all chlorine was removed from the solution (Protocaseose A l). 
The other part was again saturated with salt, the precipitate washed 
with saturated salt solution, then dissolved in water and lik^ the 
former dialyzed until all chlorine was removed from the solution 
(Protocaseose A 2). In protocaseose 2, there was more evidence of 
the presence of a body resembling hcteroalbumose than in No. 1. 
Thus in No. 2, quite a little gummy substance separated from the 
solution on dialysis, but the amount even here was not large. When 
the dialysis was finished, both solutions were perfectly neutral to 
test papers and in both pases the protocaseose was separated from 
the clear fluid by evaporation and precipitation with alcohol. For 
analysis, both products were washed thoroughly with alcohol and 
ether and finally dried at 105° C. in vacuo. 

Their composition is shown in the accompanying tables. 

As already stated, every time protocaseose was dissolved in water 
and reprecipitated by saturating the solution with sodium chloride, 
a certain amount of the substance remained in solution, precipitable 
only on addition of a little acetic acid. Protocaseose precipi¬ 
tated from the salt-saturated solution in this manner by acetic acid, 
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was found to be quite difterent in its nature from protoallmmose or 
protoglobulose. The two latter undoubtedly combine with acetic 
acid, when precipitated from a salt-saturated fluid; the compound, 
however, is readily and completely soluble in water. With proto- 
caseose on the other hand, acetic acid produces a precipitate, not 
only insoluble m the salt-saturated fluid, but also moio or less insolu¬ 
ble in water containing a little acid. It is easily soluble in dilute 
alkali and alkali carbonate, and is not precipitated by neutralization 
with hydrochloric or acetic acid. Addition of acid, however, beyond 
neutralization immediately causes precipitation of the caseose. 

Protocaseose once precipitated with salt and which on the second 
precipitation, failed to separate from the salt-saturated fluid, was 
precipitated by a little acetic acid, washed somewhat with water, 
dissolved in very dilute sodium carbonate solution, neutralized and 
then dialyzed in lunning water for nearly a week. The solution 
was then perfectly neutral to test papers and was likewise perfectly 
clear. It was evaporated to a syi up and the caseose precipitated 
by alcohol. After being washed with alcohol and ether, it was 
dried at 105° C. in vacuo until of constant weight, and then analyzed 
with the following results: 

Protocaseose A 3. 

I. 0*3703 gram substance gave 0*2160 gram HjO = 6*48 per cent. II and 
0*6500 gram CO*=47*86 per cent. C. 

II. 0*4200 gram gave 50*9 c. c. N at 21*2° C. and 765*0 mm pressure = 14*21 
per cent. N. 

HI. 0*7053 gram fused with KOH and KNO, gave 0*0418 gram BattOt 
= 0*81 per cent. S. 

IV. 0*4076 gram gave 0*0386 gram ash = 9*47 per cent. 

The ash-free substance therefore contained 

52*59# C. 7*17# H. 15*70# i . 0*90# H. 

Like all of the caseose bodies, this contained a large percentage of 
ash in spite of its long continued dialysis. The ash was mainly cal¬ 
cium phosphate with some oxide of iron, obtained in part doubtless 
from the salt used in precipitation. It is not difficult to see how 
protocaseose, precipitated by salt alone, should take up and retain 
semi-meckanically considerable inorganic matter. But in the pres¬ 
ent case, where the great mass of the albuminous substance has been 
precipitated by the salt added, it seems somewhat surprising that 
the caseose should separate from the clear fluid in the presence of 
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considerable acetic acid with such a large percentage of adherent 
mineral matter, unless the latter is chemically combined with the 
albuminous substance. Oft-repeated and long continued dialysis 
appeals to have but little influence in diminishing the amount of this 
impurity. Our experience has taught us that where the caseoscs 
have once been brought in contact with lime salts, reprecipitation 
and other methods of purification avail but little. 

But very little heterocaseose was found in this digestion, not as 
much as was found in some of the others, later on. Still, during the 
first dialysis of the protocaseose, some little heterocaseose separated 
from the fluid, as the last traces of salt dialyzed out. 

A. Deuterocaseose . 

Deuterocaseose was separated from the filtrate from the first sodium 
chloride precipitate of protocaseose, by acetic acid. As a study of the 
reactions of protocaseose had shown plainly that this body is never 
completely precipitated by salt alone, a little acetic acid was added 
to the salt-saturated filtrate, and the precipitate, presumably a mix¬ 
ture of proto and deuterocaseose, thrown away. The remaining deu- 
terocaseose was then precipitated by adding about 200 c.c. of a sail- 
saturated acetic acid (30 per cent, acetic acid) to the fluid. The total 
volume of the mixture was nearly 16 litres. In this manner an abund¬ 
ance of a finely divided precipitate was obtained, which at first, seemed 
insoluble in water and in dilute sodium chloride. It was readily soluble 
in water containing a trace of alkali and was not precipitated by 
neutralization. On being washed, however, with a saturated salt 
solution for some time, the washings were found to have dissolved 
considerable of the substance, which could be precipitated from the 
solution by strong acetic acid. Further, after being washed with 
salt solution, the substance remaining appeared quite noticeably solu¬ 
ble in watei\ Evidently then, this body on being washed more 
or less free from acid, becomes soluble in water to a certain extent, 
it<* aqueous solution then giving a strong reaction with acetic acid 
and potassium ferrocyanide. The great hulk of the precipitate was 
therefore washed with saturated salt solution until the washings were 
nearly free from acid; then, having become partially soluble in water, 
it was placed in about 2 litres of water, the solution ultimately 
saturated with sodium chloride and the caseose again precipitated 
by addition of about 20 c, c. of acetic acid. This second precipi¬ 
tate was washed somewhat with salt solution and finally with a 
large volume of water. At first, the washings gave no reaction with 

Trans. Conn. Acajd., Yol. YH, 49 Nov., 1886, 
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acetic acid and potassium ferrocvanide, but later on, these reagents 
gave a heavy precipitate, showing plainly that the substance was 
dissolving. The entire precipitate was thereupon dissolved in very 
dilute sodium carbonate, the solution made exactly neutral with 
hydrochloric acid and then dialyzed. After remaining in the dial- 
yzers for nearly a week the fluid was removed, filtered from some 
heterocaseose which had separated, evaporated to a syrup on 
the water-bath and precipitated with alcohol. This precipitate 
was re-dissolved in water, the solution made exactly neutral to 
test papers and again dialyzed. From this solution, the caseose 
was finally precipitated by alcohol, after suitable concentration of 
the fluid, washed with alcohol and ether and dried at 105° C. 
in vacuo. The final solution, prior to precipitation by alcohol, 
was perfectly neutral and quite clear, showing no evidence of the 
presence of any heterocaseose. 

The composition of the substance is shown in the accompanying 
table. 

Digestion JB. 

In this digestion, 750 grams of freshly prepared casein were mixed 
with 4 litres of 0*4 per cent, hydrochloric acid, the mixture warmed 
at 45° C., and then 800 c. c. of pure pepsin solution added. The mix¬ 
ture was warmed at the above temperature for one hour and a half, 
then neutralized and filtered, and the clear filtrate saturated with 
sodium chloride. This pi*ecipitate, as in the preceding digestion, 
was washed thoroughly with saturated salt solution, then succes¬ 
sively extracted with 10 and 5 per cent, salt solution and finally 
with water, leaving a small residue of dyscaseose soluble only in 
0*2 per cent, hydrochloric acid. The united filtrates, containing 
proto and heterocaseose, were again precipitated with salt and then 
treated as described under protocaseose B. 

B. Protocaseose . 

The protocaseose formed in this digestion and twice precipitated 
by salt, was dissolved again in water, filtered through paper and 
then dialyzed until no chlorine reaction could be obtained with 
silver nitrate. Quite a little heterocaseose separated from the solu¬ 
tion during dialysis, which was removed by filtration. The fluid 
was then concentrated, the substance precipitated by alcohol, again 
dissolved in water and dialyzed. This time, as no heterocaseose 
separated from the fluid, the solution was concentrated, precipitated 
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with alcohol and the substance finally dried at 105° 0. in vacuo 
(Protocaseose B 1). Its composition is shown in the accompanying 
table. 

^Such portion of the protocaseose as was not precipitated the 
second time by salt alone, was precipitated by a little acetic acid. 
At first, the precipitated substance was insoluble in water (no reac¬ 
tion with acetic acid and potassium ferrocyanide), but after being 
washed with salt solution until the acid reaction had nearly disap¬ 
peared, it then dissolved quite appreciably in water, as evidenced by 
the reaction with acetic acid and potassium ferrocyanide. The bulk 
of the precipitate, after being washed, was dissolved in a little very 
dilate sodium carbonate, the solution made exactly neutral with 
hydrochloric acid and then dialyzed until all chlorine was removed 
from the solution. The caseose, after concentration of the solution, 
was precipitated by alcohol, washed with alcohol and ether and 
finally dried at 105° C. in vacuo. The composition of the substance 
(Protocaseose B 2) is shown in the accompanying table. 

JB. Deuierocaseose. 

Deuterocaseose was separated from the filtrate from the first 
sodium chloride precipitate, in the same manner as in the preceding 
digestion. Like A. deuterocaseose, this precipitate was at first in¬ 
soluble in salt solution and in water, but after being washed for 
some time with saturated salt solution, it was found to be gradually 
dissolved, as shown by the rapid disappearance of the precipitate 
and the pronounced reaction with acetic acid and potassium ferrocy¬ 
anide in the wash-fluid. Evidently the acid is easily removed from 
the compound by simple washing and when that has been effected, 
the substance becomes soluble, or else the acid compound is more 
insoluble in water containing a little free acid, than in water or 
salt solution alone. Hydrochloric acid and acetic acid seem to 
act alike. The substance is readily soluble in dilute sodium car¬ 
bonate and is not precipitated by neutralization, but is quickly 
thrown down by a slight excess of hydrochloric or acetic acid. This 
compound was not analyzed, but was used in studying the reactions 
to he described later. 


Digestion 0. 

In both of the preceding digestions, the products formed resulted 
from the action of an exceedingly vigorous pepsin mixture. In the 
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present ease, the pepsin solution employed was much weaker and the 
pepsin-casein mixture was warmed at 45° C. for several days instead 
of hours. 

750 grams of casein were employed and 4 litres of 0'4 per cent, 
hydrochloric acid, to which was added a reasonable amount of pure 
pepsin solution. About an hour after the addition of the latter the 
mass began to gelatinize, and at the end of 18 hours the whole mix¬ 
ture was a perfectly stiff jelly. Thereupon, 2 litres more of 0*4 per 
cent, acid were added together with a little pepsin. The mixture was 
then kept at 40-45° C. for three days longer. Quite a large residue 
of undigested matter remained, semi-gelatinous and soluble only in 
alkalies The mixture was then neutralized and filtered. The 
filtrate contained considerable caseose, as evidenced by the heavy 
precipitate obtained on saturating a portion with sodium chloride. 
In the preceding digestions, the caseoses were separated directly 
from the dilute solutions, without previous concentration, thereby 
avoiding any possible change due to the action of heat. In the pre¬ 
sent caBe, however, the peifectly neutral solution was evaporated to 
a small volume and then all of the caseoses were directly precipitated 
by saturating the fluid with ammonium sulphate. The precipitate 
produced was exceedingly gummy, but was washed as thoroughly 
as possible by trituration with a saturated solution of ammonium 
sulphate. The caseoses were then dissolved in water, the solution 
filtered from the small residue of insoluble matter and saturated 
with sodium chloride. The protocaseose so separated was freed from 
heterocaseose, etc. by repeated precipitation and dialysis. 

Carbon and hydrogen were determined in a portion of the dried 
substance (Protocaseose C 1) with the following results: 

I. 0-5107 gram substance gave 0-3101 gram ELO=6*74 per cent. H and 
0*9386 gram C0 3 =oO*ll per cent C* 

II. 0*4038 gram gave 0*0194 gram ash = 4-80 per cent. 

The ash-fiee subbtance would, therefore, contain 52*04 per cent, oi 
carbon and 7*08 per cent, of hydrogen. 

In the filtrate from the first salt precipitate, the protocaseose re¬ 
maining was precipitated by the addition of a little salt-saturated 
acetic acid. The precipitate after being washed was dissolved in a 
little dilute sodium carbonate, the solution neutralized and dialyzed. 

As no heterocaseose separated from the solution, it was concen¬ 
trated and then precipitated by alcohol. After purification by re¬ 
solution, dialysis, etc., it was dried at 105° C. in vacuo and analyzed 
with the results shown in the accompanying table (Protocaseose O 2), 
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Deuteroca&eose was then separated from the filtrate from the acetic 
acid precipitate, by saturation of the fluid with ammonium sulphate, 
as recommended by Neuineister 1 ' for deutcroalbumose. It was then 
purified by dialysis, etc., and its reactions carefully studied. So far 
as we could see, it differed from deutoroeaseose A and I> in two 
respects only, but these points showed so marked a difference it 
was plainly evident that the deuteroca&eose separated by ammo¬ 
nium sulphate was quite different from deutoroeaseose A, separated 
by acetic acid. Thus deutero C was not precipitated at all in an 
aqueous solution by acetic acid, nor by acetic acid and potassium 
ferrocyanide, neither was its aqueous solution precipitated by cupric 
sulphate. The significance of these points of difference will be dis¬ 
cussed later on. After studying the reactions, there was not enough 
substance remaining for analysis. 


J Digestion B. 

In this digestion, 2 kilos of freshly prepared casein were used, 
together with 6 litres of 0*4 per cent, hydrochloric acid and an appro¬ 
priate quantity of strong pepsin solution. The mixture was warmed 
at 45° C. for five hours, then neutralized and filtered from the semi- 
gelatinous residue. 

D. Protocuseose. 

The neutral fluid was concentrated to about 1| litres and then 
filtered from the slight flocculent precipitate which had formed. 
Saturation of the fluid with sodium chloride gave an exceedingly 
heavy precipitate, somewhat more gummy than usual. The entiro 
fluid, however, was only partially saturated with salt, with a view 
to sec whether the precipitate produced in this manner would agree 
wholly with the precipitate produced on complete saturation. Thus 
a fractional precipitation was made, in which the first fraction 
represents that portion of the caseose precipitated by about two- 
thirds saturation of the fluid with salt This precipitate was there¬ 
fore filtered off, washed as usual, dissolved in water and re-prccipi- 
tated with salt. As dyscaseose was generally found only in traces, 
the precipitate, after being washed, was dissolved at once in water 
and dialyzed until all chlorine was removed from the solution. On 
opening the dialyzing tubes, quite a large quantity of heterocaseose 
was found adherent to the sides of the paper. The clear solution of 


* See Zeitschrift fur Biologie, Band xxiii, p. 381. 
Trans. Conn. Aoad., Tol. TIL 50 
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protocaseose was concentrated, precipitated with alcohol, the precipi¬ 
tate dissolved in water, again precipitated with salt in substance, the 
precipitate dialyzed, this time without showing any hetcrocaseosc, 
and finally precipitated with alcohol, washed with alcohol and other 
and dried at 105° C. in vacuo (Protocaseose D 1). The product was 
analyzed with the results shown in the preceding table. 

On adding more sodium chloride to the first filtrate from the above 
precipitate, thereby completely saturating the solution, a second 
precipitate of protocaseose was obtained, which was purified in the 
same manner as the preceding preparation. The only difference 
noticed while purifying the substance was that, on dialysis, nothing 
corresponding to heterocascose separated from the fluid. After final 
washing with alcohol and ether, the substance was analyzed with the 
results shown in the accompanying table (Protocaseose D 2). 

The difference in the results will be discussed later on. 

The original salt-saturated filtrate was precipitated with a little 
acetic acid, and the protocaseose so precipitated dissolved in dilute 
sodium carbonate. The solution was then neutralized and dialyzed 
in running water until all chlorine was removed. The substance was 
then separated by precipitation with alcohol, and ultimately purified 
as described previously (Protocaseose D 3). The addition of a little 
more acetic acid to the acetic acid and salt-saturated filtrate from the 
above, gave a still further precipitate of caseose; presumably proto¬ 
caseose with perhaps a trace of deuterocaseose, which was filtered 
off, washed with saturated salt solution and then freed from acid and 
purified in the same manner as the preceding preparation (Proto¬ 
caseose D 4). 

The two last products, after being dried at 105° 0. in vacuo, were 
analyzed with the results shown in the following tables. 

Comparing these two tables, it is seen that the difference in per¬ 
centage composition of the two ash-free substances is not very great, 
and taking into consideration the-large percentage of ash, it is proba¬ 
ble that the two latter precipitates have approximately the same 
composition. 

D. Deuterocaseose . 

The filtrate, from which certainly all protocaseose had been re¬ 
moved by acetic acid, and in fact nearly everything preoipitablc by 
acid from the salt-saturated fluid, was treated with ammonium 
sulphate in substanee. A gummy precipitate resulted, which natu¬ 
rally enclosed considerable salt, and which for purification was dis- 
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solved in water and dialyzed until the greater portion of the salt was 
removed. The solution was then concentrated and the substance 
reprecipitated by saturating the neutral solution with ammonium 
sulphate. This precipitate, after solution in water, was then dialyzed 
until all of the ammonium sulphate was removed, after which the 
solution was concentrated and precipitated with alcohol. When 
dry, the substance gave by analysis the results shown in the accom¬ 
panying table. 

This body differs from all of the preceding preparations, in that it 
is not precipitated from an aqueous solution by acetic acid. Neither 
is it precipitated at all by the addition of salt in substance; but the 
addition of a little acetic acid to the salt-saturated fluid gives a heavy 
precipitate which, however, does not represent all of the deutero- 
caseose, since the filtrate gives an additional precipitate with 
ammonium sulphate. Apparently about one-half of the substance is 
precipitated by acetic acid. Further, the acetic acid precipitate 
in this case differs from the protocaseose precipitate with acid, in that 
it is readily and completely soluble in water. This body, therefore, 
which certainly must represent pure deuterocaseose, shows a close 
resemblance to the pure deuteroalbumose separated by Neumeister. 
Like the latter, it does not give any precipitate whatever with cupric 
sulphate nor with ferric chloride and only the faintest turbidity with 
acetic acid and potassium ferrocyanide. 

D. Heterocmeose . 

In each digestion, evidence was obtained at various points in the 
process of separation, noticeably on dialysis of the first protoalbumose 
precipitate, of the presence of a body insoluble in water but soluble 
in dilute sodium chloride solution. The quantity of the sub¬ 
stance, however, was in most cases exceedingly small, so much so 
that nothing more than a few reactions could bo tried with it. In 
the present digestion, however, the amount was somewhat larger, 
and sufficed for a partial analysis. The substance was obtained as a 
more or less gummy residue, on dialysis of protoalbumose 1. 
It was purified by solution in 10 per cent, sodium chloride and 
separation by dialysiB. Like heteroalbumose, the whole of the 
substance was not now soluble in salt solution, for a portion had 
apparently been converted into a body resembling dysalbumose, 
insoluble in salt solution but soluble in 0*2 per cent, hydrochloric 
acid. 
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Analysis of the dried substance gave the following results : 

L 0-4011 gram substance gave 0*3468 gram ILO=6-83 per cent. H and 
0*7484 gram (JO.=50*54 per cent. 0. 

II. 0*4387 gram gave 08*6 c. c. N at 18*6° C. and <60*1 mm. pressure 
=14-70 per cent. N. 

III. 0-4118 gram gave 0-0356 gram ash —6-31 per cent. 

The ash-free substance would therefore contain 

53-88 per cent. C, 7-37 per cent. H, 15-67 per cent. N. 

Peaetiom of the caseoses . 

Under this head little need be said. The reactions characteristic 
of the albumose bodies in general will apply here. Certain differ¬ 
ences, however, have already appeared in our description of the 
processes incident to separation of the caseoses. Protocaseose, 
unlike protoalbumose, is precipitated from an aqueous solution hy 
acetic acid. The precipitation, however, is not complete; satura¬ 
tion of the acid filtrate with sodium chloride, invariably gives an 
additional precipitate which is the heavier of the two. Further, 
long-continued washing of the acid precipitate with water or salt 
solution appears to partially remove the acid from the caseose body. 
Protocaseose is likewise precipitated from an aqueous solution by 
hydrochloric, nitric and sulphuric acids; the precipitate, however, is 
far less soluble in excess of sulphuric or nitric acid than in excess of 
the other two acids. In very dilute acids, protocaseose is soluble 
and is partially precipitated by addition of stronger acid of the 
same kind; thus the substance is readily soluble in 0*4 per cent, 
hydrochloric acid, from which solution it is precipitated by the addi¬ 
tion of a little concentrated acid, this precipitate dissolving on the* 
addition of more acid. Evidently then, protocaseose as fast as 
formed by the action of pepsin-hydrochloric acid, would dissolve in, 
the acid gastric juice and not be mixed with the jelly-like insoluble 
residue. Boiled with dilute or strong acid, protocaseose is appar¬ 
ently not changed; at least no precipitate is obtained on neutraliza¬ 
tion of the acid fluid. The acetic acid solution of protocaseose gives 
a very heavy precipitate with potassium ferrocyanide. In an aque¬ 
ous solution of the substance, cupric sulphate gives a heavy curd-like 
precipitate, while ferric chloride gives a similar precipitate read¬ 
ily soluble in excess of the precipitant. Like protoalbumose, proto¬ 
caseose is precipitated by saturation of its aqueous solution with 
sodium chloride, but never completely; there always remains in the 

Trans. Oonn. Acad.. Ton. YIL 51 Ma*rch, 1887. 
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filtrate, a portion of the substance precipitable only on addition 
of acetic acid. 

Of the several preparations of dcuterocascose, those precipitated 
by ammonium sulphate are evidently the only ones perfectly pure. 
Further, it is evident that this substance cau be obtained pure only 
by complete removal of all protocaseose from the solution, which 
implies precipitation of a large portion of the deutoroeaseose also, 
and then precipitation of the small amount of deutero remaining, by 
saturation of the fluid with ammonium sulphate. D deutero, pre¬ 
pared in this manner, shows several very marked points of differ¬ 
ence from protocaseose. In the first place, it is not precipitated in 
an aqueous solution by acetic acid. Further, the addition of potas¬ 
sium ferrocyanide to a solution acidified with acetic acid gives no 
precipitate whatever. Cupric sulphate and ferric chloride both fail 
to produce any precipitate in an aqueous solution. Pure deutero- 
caseose, as already mentioned, is not precipitated by saturation of 
its aqueons solution with sodium chloride; addition of acetic acid, 
however, to the salt-saturated solution gives a heavy precipitate, 
which represents perhaps half of the deutero, the remainder of 
which is precipitated only by saturation of the fluid with ammonium 
sulphate. It is thus evident that in the precipitation of protocaseose 
from a salt-saturated solution by acetic acid, more or less dcutoroca- 
seose will be likewise precipitated, the amount depending probably 
on the concentration of the solution and other minor circumstances. 
Hence, A deutero is unquestionably contaminated with some proto¬ 
caseose, and on the other band protocaseose D 3 and 4, and perhaps 
protocaseose C 2, without doubt contain some deuterocaseoso. That 
A deutero contains some protocaseose, is evident from the fact that 
it gives a precipitate with cupric sulphate, and further its aqueous 
solution is rendered decidedly turbid by acetic acid. Moreover, the 
protocaseose precipitated by acetic acid, and which may contain 
some deutero, appears to differ in one or two respects from either 
proto or deuterocaseoso. Thus, an aqueous solution of the purified 
substance is precipitated like pure protocaseose by acetic acid, but 
the precipitate is only partially soluble in excess of the acid and 
even that requires a large excess. 

With nitric acid, pure deuterocaseose gives no precipitate, but on 
warming the solution the xanthoprotein reaction comes out strongly. 

Composition of the caseoses and their relation to casein . 

In studying the composition of the various caseoses we have been 
hampered by the large percentage of ash invariably present in all of 
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Table showing relative composition op the Caseoses. 



Protocaseose. 

0 

H 

N 

S 

O 

A 1 

NaCl precipitate. 

53-50 

7-15 

15-73 

0-96 

33-66 

A 2 

it tt 

53-85 

7-31 

15*84 

0 98 

33-13 

A3 

Acetic acid precipitate. 

53-59 

7-17 

15-70 

0-90 

23*64 

B 1 

NaCl precipitate. 

53-91 

7-06 

15-65 

0-90 

33-48 

B 3 

Acetic acid precipitate. 

53-43 

7-01 

16-19 

0-90 

23-47 

C 1 

NaCl precipitate. 

52-84 

7-08 

--- 

---- 

.... 

C 3 

Acetic acid piecipitate. 

51-73 

7-15 

15-85 

0-79 

34-48 

D 1 

NaCl precipitate. 

53-93 

7-17 

16-05 

o-a5 

22-00 

D 3 

ti it 

53-84 

7-10 

15-86 

1-04 

23-16 

D 3 

Acetic acid precipitate. 

53*05 

7-13 

16*13 

1*06 

23*64 

D 4 

ih tt et 

53-88 

7-07 

16*13 

0-98 

22-94 


j Deuterocaseose. 


1 




A. 

Acetic acid precipitate. 

51-59 

0*98 

15-73 

0*75 

1 25-03 

D. 

(NHi)jSOi “ . 

51-79 

7*05 

16*00 

1-17 

23*99 


Heteroeaseose. 






D.-. 


53-88 

7-37 

15*67 


- 


Casein* 




i 

! 

Average of Nos. I-VII.„. 

53-30 

7-07 | 

| 15-91 

0-83 

| 22*03 
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the preparations. We have already commented on the difficulty, in 
fact, impossibility, of removing certain inorganic salts alter they 
have once been brought in contact with a caseosc body. Repeated 
precipitation appears to affect the percentage ol' ash but little. The 
reason for the large percentage of ash lies in the precipitation of the 
caseoses from such large volumes of fluid. We thought it unwise at 
first, to expose the bodies to the long continued evaporation neces¬ 
sary for precipitation with a small amount of salt. To avoid the 
possible danger of change, therefore, the large volumes of fluid 
resulting from the several digestions were saturated directly with 
salt, and as this involved the use of large quantities, calcium salts 
and some iron as impurities in the sodium chloride, were unavoid¬ 
ably introduced. These, the caseoses seemed at once to catch hold 
of and retain, in spite of oft r repeated purification. In the digestion 
in which the fluid was concentrated somewhat before precipita 
tion, the percentage of ash is seen to be somewhat smaller than in 
preparations from the other digestions. 

In comparing the composition of the individual protocaseoses (see 
the accompanying table) it is seen that two of the bodies show a 
content of carbon somewhat higher than casein itself, while the 
average of all the others, with one exception, shows a content of 
carbon a little lower than casein. Leaving out the acetic acid pre¬ 
cipitate C 2, the average of the remaining ten preparations of proto- 
caseose shows the following composition for this substance: 


C H N S 0 

Protocaseose.52* 89 7*10 15*94 0*95 23*12 

Casein. 58*30 7*07 15*91 0*82 22-03 


Plainly, the average of our results would indicate that protocaseose 
does not differ essentially in composition, from the casein from which 
it is formed. A slightly smaller content of carbon is the only notice¬ 
able difference. To he sure the individual results show noticeable 
variation in the percentage of carbon, but bearing in mind the largo 
amount of ash present in the preparations, it is evident that the aver¬ 
age result is of more value than the results obtained in any one case. 
As to the lower content of carbon in so-called protocaseose C 2, it is 
probable that this body is composed mainly of deuterocaseose. The 
two caseoses being precipitated together in this digestion by ammo¬ 
nium sulphate and then separated afterwards from a fairly concen¬ 
trated solution by saturation with salt and addition of acetic acid, 
renders it probable that the protocaseose was more completely precip- 





Primary Cleavage Products . 


405 


itated than usual by salt alone; and further, it is probable that 
on addition of acetic acid to the concentrated and salt-saturated 
fluid, a much larger proportion of deuterocaseose was precip¬ 
itated. In confirmation of this view it was noticed that the 
amount of deutcrocaseose obtained by the later precipitation with 
ammonium sulphate was quite small; far smaller proportionally than 
obtained in D. That the body contained some protooaseose, was 
evident from its reaction with cupric sulphate and with acetic acid. 

Pure deuterocaseose evidently contains a smaller content of car¬ 
bon than protocaseose. It is equally evident that it is a body 
further removed from casein than protocaseose. Its general reac¬ 
tions show a closer relationship to peptone than to casein or the 
proto-body. Heterocaseose, on the other hand, judging from 
analysis of a single i^reparation, contains fully as much if not more 
carbon than casein itself. 

Nearly all of the caseoses show a somewhat higher percentage of 
sulphur than casein, but probably the increase (0*i per ceut.) is due 
mainly to a trace of sulphate in the ash, not accounted for. Owing 
to the large amount of phosphate in the ash of the different prepara¬ 
tions, phosphorus was sought for only twice. In both of these, how¬ 
ever (protocaseose D 1 and deuterocaseose D), the phosphorus in the 
ash was the exact equivalent of the total phosphorus found after 
fusion with potassium hydroxide and nitrate. This might indicate 
that in the cleavage of casein with pepsin-hydrochloric acid, the 
phosphorus of the casein is removed in the form of a phosphorized 
body, leaving the thus non-phosphorized matter to break down into 
the caseoses. With this thought in mind, we propose to study later 
the nature and composition of the insoluble, semi-gelatinous body 
separated in the first stage of digestion. We also hope to extend 
our work by a study of WeyPs commercial “casein-peptone,” pre¬ 
liminary examination of which has shown us the presence in large 
quantities of caseoses. In this way and by a somewhat different 
method of isolating the individual caseoses, we hope to verify our 
present work and at the same time obtain products comparatively 
free from ash, with which to establish beyond question the composi¬ 
tion of the caseoses. We are also occupied in a study of pure casein- 
peptone, purified according to the method made use of by Ktihne 
and Chittenden in the study of fibrin-peptone. 



XXIII.— Influence or Pome Organic and Inokganio Sub¬ 
stances ON Gas MkTABOJJRM. ]}y R. II. Clliri ENDJBN AND 
G. W . Cummins, Ph.I>. 

While much time has been spent during the past few years in 
studying the influence of various substances on proteid metabolism, 
far less attention has been paid to the effects of these substances on 
the consumption of oxygen and the elimination of carbonic acid. 
Naturally in studying the influence of any substance on the nutrition 
of the body, we need to know not only its action on the excretion of 
nitrogen but also its influence on the production of carbonic acid. In 
this way only can we arrive at a true understanding of the influence 
of the substance on total metabolism, and obtain the necessary data 
from which to draw conclusions as to its influence on the consump¬ 
tion of either nitrogenous or non-nitrogenous matter. The difficulties, 
however, in the way of carrying on consecutive determinations of the 
relative amount of carbonic acid eliminated by the lungs are consid¬ 
erable, and in the absence of the necessary respiration apparatus, the 
difficulties are greatly increased. We have, however, endeavored to 
carry on some experiments in this direction, and although lacking 
the ordinary apparatus wo have still been able with the means at our 
disposal to obtain some interesting results, a portion of which are 
simply confirmatory of previous work, while others are wholly new. 

The apparatus employed in measuring the amount of carbonic acid 
eliminated is shown in the accompanying illustration (sec Plate). The 
chamber in which the animal was placed during the experiment, was a 
bell jar of 32 litres capacity, with ground edge fitting closely upon a 
smooth glass plate. This when coated with grease made a perfectly 
tight joint, but in order to avoid any possibility of error, the jar and 
plate were placed in a shallow pan of galvanized iron, and water poured 
in to the depth of 2-3 inches, thus insuring a perfectly air-tight joint. 
In the top of the bell jar was an opening, closed with a doubly perfor¬ 
ated rubber stopper, through which passed two tubes; one bringing 
air into the chamber, the other carrying it to the absorption apparatus. 
The inlet tube (to the left of the figure) was prolonged so as to admit 
the air nearly at the bottom of the jar, while the outlet tube came 
just through the stopper, thus insuring a perfect circulation of air. 
Air was drawn through the chamber by means of three aspirators] 
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two of which had a capacity of 15 litres and one of 1] litres. The 
three aspirators working together would therefore draw through the 
chamber litres of air at every filling, and the ilovv was so regulated 
that 30 minutes were required to draw that amount of air through 
the apparatus. The flow of water from the aspirators was quite regu¬ 
lar, since the inlet tubes went to the bottom and the air had to 
bubble up through the water, as the latter ran out, on the principle 
of Mariotte’s bottle. The rate of flow was regulated by carefully 
changing the difference in height between the inlet tube (for air) of 
the aspirator and the outlet tube (for water). This of course, at the 
outset, was a tedious operation, but when once perfected and the 
apparatus permanently set up, the three aspirators ran exactly to¬ 
gether, with a maximum variation of 15 seconds for the half-hour, 
which variation, however, was seldom observed. In addition, each 
aspirator was marked off into eight divisions, the last one of which 
was equal to only one-half of the others. In the two large aspirators 
these divisions indicated exactly the same volume, while in the small 
aspirator the divisions represented half the capacity of the former; 
but the flow of water in the latter was regulated to consume the 
same amount of time as in the former. Hence four minutes wore 
required for the water to flow by each of the first seven divisions, 
and two minutes for the last, making a total of thirty minutes for the 
entire volume of water to flow from each aspirator. 

The tube drawing the respired air from the chamber in which the 
animal was enclosed, was divided a short distance from the chamber, 
as seen in the figure, and two-fifths of the mixed air was drawn 
successively through three absorption tubes filled with a standard 
solution of barium hydroxide for absorption of the carbonic acid. 
The absorption tubes were about two-thirds of a metre long and the 
lower tube (a) contained 100 c. c. of a standard baryta solution, the 
middle tube (b) also 100 c. c. of the solution, and the upper tube (e) 
50 c. e. The amouut of carbonic acid absorbed was, at the end of the 
experiment, determined by titration with a standard solution of oxalic 
acid, using phenol-thalein as an indicator. Two titrations were made, 
one of the contents of tube a and one of the contents of the two tubes 
b and c. By u^ing the three tubes, absorption of the carbonic 
acid was quite complete. In order to aid absorptiou, the air was 
broken into small bubbles by being forced through a small tube dip¬ 
ping beneath the barium hydroxide. Frequent blank experiments 
showed that all of the connections were perfectly tight, and further, 
all of the tubes being in the same position, that the flow of water 
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from each aspirator was perfectly uniform, and that the aspirators 
could be relied upon to draw the given volume of air through the 
apparatus in the time designated without any appreciable variation. 
In addition, the two-fifths drawn through the absorption tubes for 
determination of the carbonic acid was always exactly two-filths of the 
aspirated air; since the aspirators, as already remarked, worked with 
perfect uniformity. Any tendency to variation, either in the time, 
or in the action of the individual aspirators, was noticed at the 
very outset of the experiment, as the water reached the level of the 
different marks on the aspirators, and could be at once chocked or 
controlled by moving slightly the water outlet tube so as to either 
increase or diminish the difference in height between the latter and 
the inlet tube for air. Theoretically, variations in the temperature of 
the water in the aspirators might affect somewhat the volume of air 
analyzed, but a constant determination of the temperature of the 
water showed such slight variations that they did not scorn to justify 
us in making any corrections for possible change in the amount of air 
aspirated. Naturally, all of the supports for the three absorption 
tubes were permanently placed, so that there could be no change of 
position; the tubes themselves placed in the same position in the 
holders; the volumes of baryta solution invariably the same, so as not 
to increase or decrease the pressure to bo overcome; and lastly the 
aspirator tubes and stoppers fastened so as not to admit of any change. 
With these precautions, the results obtained* both as to the volume 
aspirated and the time consumed, were quite satisfactory. 

As already mentioned, the total capacity of the three aspirators 
was 3ty litres or 5} litres more than the capacity of the bell jar. 
This amount of air drawn through the chamber in 30 minutes, was 
more than enough to supply the largest rabbit experimented on, with 
the necessary amount of oxygen. But there must have been a slight 
accumulation of carbonic acid in the air of the chamber; this, how¬ 
ever, was a constant factor throughout the experiments. Further, 
the results obtained, expressed in milligrams of CO a , do not represent 
the total amount of carbonic acid eliminated by the rabbit during 
the thirty minutes of the experiment, but simply the amount of C0 9 
contained in the Sty litres of air aspirated during that time, Such a 
result, however, ought certainly to show just as plainly auy influence 
on the elimination of carbonic acid, as a determination of absolute 
quantity and thus be equally valuable as an indication of influence or 
lack of influence on the gas metabolism of the body. Further, the 
results thus obtained ought to express equally as well, the comparative 
action of the various substances experimented with. 
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In every experiment, the time at which the animal was introduced 
into the bell jar was exactly noted and then two minutes were allowed 
before starting the aspirators, to make all of the connections properly. 
The rabbit was therefore under the bell jar, in each determination of 
carbonic acid, for exactly thirty-two minutes. The aspirators were 
started simultaneously and their progress carefully watched, in order 
to check any slight irregularity that might show itself. 

The animals experimented with were wholly rabbits, and prelimi¬ 
nary trials showed us plainly that it was very necessary to have 
them in a condition of hunger during the experiment, in order to 
avoid the irregularities incident to change in digestion. Further, 
wc soon found that this was best accomplished by depriving the 
animal of food for three days, after which the experiment was 
commenced and allowed, as a rule, to extend through three con¬ 
secutive days, the animal being deprived of food during the entire 
period. On the first of the three days, eight determinations of 
carbonic acid were made and the results obtained were used as a 
control, with which to compare the results obtained on the two fol¬ 
lowing days, when the animal was being dosed with the substance 
experimented with. This, as a rule, we found to be the most satis¬ 
factory method of procedure, since small differences could not be 
relied upon as expressing anything of importance; for the varying 
restlessness of the confined animal, involving more or less muscular 
activity, would many times lead to variations in the amount of car¬ 
bonic acid excreted, as may be noticed in the control experiments on 
those days when the animals were not dosed. Hence, the average of 
several consecutive results must necessarily express more correctly 
the average elimination of carbonic acid than any single result. 
Further, we deemed it better to allow the experiments to extend, as 
a rule, over several days and thus study the action of small, repeated 
doses of the various substances rather than to observe the effects of 
a single large dose, where violent action might naturally be expected. 

The following table of results illustrates the way in which our 
experiments have been conducted, and at the same time shows the 
extent of variation, in the amount of carbonic acid, to be expected 
under normal circumstances from day to day. In this experiment, 
the rabbit had been deprived of food for three days, and the results 
show the amount of carbonic acid in the $1-5 litres of aspirated air 
for four distinct periods, during the fourth and fifth days. As already 
stated, the total amount of baryta solution employed in the three 
absorption tubes was 250 c. c., of which 100 c. c. were used in the first 

Trans. Conn. Aoajx, Yol. YEL 52 March, 188T. 
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or lower tube (a), while the remainder was used in the two other 
tubes b and c. Several solutions of oxalic acid were employed, the 
average strength of which was such that 1 c. c. equaled about 20 
milligrams of carbonic acid. 


Time. 

Oxalic acid to 
neutralise ba¬ 
ryta solution. 

1 tj 
o . 

as o 1 

Oxalic acid equiva¬ 
lent to 230 c c. 
Ba(OH) 2 . c. c. 

Difference, e e ox¬ 
alic acid. 

c 

1 

COj in 37 5 L. aspi¬ 
rated air. mg 

6 

B 

1 


tube a. 
c. c 

o 

p ~ a o 

+a 

Total oxa 
used. 

cT 

^ ab 

O 3 

© 

& 

w 

March 1 8. 

9:48 to 10:18 

10*4 

25*0 

35*4 

45*1 

9*7 

180*2 

450*5 

38*8 

11:51 to 12:21 

10-6 

25*2 

35-8 

45-1 

9*3 

112*7 

432*o 

38*1 

2:59 to 3:29 

10*5 

25*3 

35*8 

45*1 

9*3 

113*7 

432*0 

38*2 

5:03 to 5:83' 

10*4 

24*9 

35-3 

45*1 

1 

9*8 

182*0 

455*i 

38*3 

March 19. 

8:59 to 9:29 

10*2 

&V1 

35*3 

1 

45*1 

9*8 

182*0 

455 " 1 

38*3 

10:53 to 11:23 

10*9 

25-3 

36*2 

1 45-1 

8*9 

165*3 

4*3‘4 

37*7 

2:53 to 3:23 

10-3 

34-2 

34*4 

451 

10*7 

198*7 

496*8 

38*7 

4:51 to 5:21 

10-6 

1 34-9 

35*5 

45*1 

9*6 

178*3 

445-9 

38*9 

Average, 

10-5 

j 

| 25*0 

35*5 

45*1 

9*6 

179-0 

447-6 

38*4 


Action of uranyl nitrate . 

As stated in a preceding article,* the physiological action of ura¬ 
nium salts has been little studied. Experiments are now in progress 
to show the influence of uranium on protoid metabolism, ami our 
present results show the influence of this substance on the excre¬ 
tion of carbonic acid. The rabbit first experimented with was de¬ 
prived of food for three days, and on the fourth day the experi¬ 
ment was commenced, extending through three entire days, during 
which time the animal was without food. The accompanying tables 
show the results obtained. The body temperature was ascertained 
by inserting a self-registering thermometer into the rectum. 


* Chittenden and Hutchinson, this volumo. 
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A study of the first results shows plainly a decided action on the 
part of the uranium salt. The influence of the salt, however, mani¬ 
fests itself somewhat slowly, and it is not until the third day that its 
action becomes very pronounced, when the increased excretion of car¬ 
bonic acid becomes very noticeable, accompanied with a slight rise 
in temperature. The fir^t action of the uranium appears to cause a 
diminution in body temperature and in the amount of carbonic acid 
eliminated. The total amount of uranium salt given was quite large 
(1*175 grams in divided doses), and although no especial toxic symp¬ 
toms showed themselves, the animal died on the day following the 
conclusion of the experiment. 

A second series of experiments was tried, using smaller amounts 
of uranium nitrate and extending through four days, the results of 
which are also shown in the accompanying tables. The rabbit was 
deprived of food for four days prior to commencing the experiment. 
The amount of uranium nitrate given was considerably smaller than 
the quantity employed in the first series of experiments, and the 
animal did not suffer any permanent ill effects from its use. The 
following table shows the average daily result, expressed in milli¬ 
grams of CO a contained in the 37*5 litres of aspirated air, together 


with the average body temperature. 


MayS. 

88*9° C. 

674‘3 milligrams COj 

“ 4. 

89 # 0 

540*8 

“ 5. 

89-9 

581*2 “ " 

“ 6. 

38-5 

716-3 « 

The uranium nitrate was introduced by hypodermic injection in 

the following quantities: 


May S. 


0 

“ 4. 

5:18 p. m. 

0-080 gram of the salt. 

“ r>. 

8:40 a. m. 

0-090 “ “ 

“ 5. 

10:20 a. in. 

0-100 “ 

6 . 

12:40 p. m. 

0-150 “ “ 

“ 5. 

8:25 p. in. 

0-150 “ 

“ 5. 

5:15 p. m. 

0-800 “ “ 

u 6. 


0 



0*770 


In this second series of experiments it is to be noticed that the first 
two days are given up wholly to determining the normal excretion of 
carbonic acid, and the results show fully how close an agreement 
may be expected under normal circumstances. Taking the results 
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First Series of Experiments with Uranium. 

Normal period, without uranium nitrate . 

Date. 

Apiil 19 

A M. 

9:47 to 10:17 
10:45 to 11:13 
11:46 to 12:16 

P M . 

2:04 to 2:34 
2:57 to 8:27 
8:58 to 4:28 
4:52 to 5:22 
Average, 

April 20 . With uranium nitrate . 

38*4 
38*4 
38*2 
38*1 

38*4 
38*8 
39*1 
38*9 
3i¥ 


A. M. 

9:04 to 9:34 


7*3 25*9 33*2 46*3 13*1 242*7 6 o 6*8 


9:57 to 10:27 
10:59 to 11:29 


P M. 

1:59 to 2:29 


Average, 


8*3 26*8 35*1 46*3 
9*8 26*6 80*4 46*3 


11:53 to 12:23 8*7 26*3 35*0 46*3 


8*8 20*3 35*1 46*3 


2:51 to 3:21 8*8 26*5 85*3 46*3 

3:46 to 4:16 8*4 26*1 34*5 40*3 

4:41 to 5:11 6*8 25*2 32*0 46*3 


8*4 I 26*2 | 34*6 | 46*3 


11*2 207*5 518*8 

9*9 183*4 458*6 

11*3 209*3 523-5 

11*2 207*5 518*8 

11*0 204*8 512*0 

11*8 218*6 446*6 

14*8 264*9 662*4 

11-7 217*3 535*0 


Oxalic acid io 
uoutralure l>a- £ 
lyta bolution. U , 


'g CJ C3 o 


{ cj 'd A 

i Is® 

1 *3 0^,0 

ii 11 b 


0-5 24-8 81-8 40-8 

7-8 33-8 33-6 46-3 

7-9 25-8 33-7 46-3 


8-4 36-3 34-7 46-3 U '6 

8-4 26-1 34-3 46-8 11*8 

8-2 23-1 34-3 46-3 12-0 

8-5 26-2 34-7 46-8 11-8 

7-9 25-9 33-8 46-3 12-5 


278-9 697-3 38-7 

235-3 588-3 38-7 

233-4 583-6 38-6 

214*9 537*3 38*4 

218*6 * 546*6 88*7 

221*4 553*5 38*6 

214*9 537*3 38*7 
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With uranium nitrate—continued. 


1 

Date 

\pul 21. 

Oxalic 
neufcial 
rji i so 

08 . 

r 

acid to 
i/e di¬ 
lution 

■° o 

<U TS o 
JS c 

£ * * 

Total oxalic acid 
used c c 

, 

^ y O 
0 

*.=, . 
T5 n 

O (-2, 
S3 A rs 

r* 

Difference c c ox¬ 
alic acid. 

§ 

C3 

9 oo 
8 s 

C0 2 in 37 5 L aspi¬ 
rated air. mg. 

Bodv temperature. 

C. 

A. M. 









9:02 to 9:32 

5*0 

23*4 

27*4 

46*3 

18*9 

350*1 

875'S 

39*2 

9:58 to 10:28 

6*0 

24*9 

30*9 

46*3 

15*4 

285*1 

712*8 

38*9 

10:55 to 11:35 

6*0 

24*7 

30*7 

40*3 

15*6 

289*0 

722*6 

39*0 

11*47 to 12:17 

5*7 

34*8 

30*5 

46*3 

15*8 

292*7 

73i*9 

39*4 

P K. 









2:00 to 2:80 

7*3 

25*7 

330 

46*3 

13-3 

246*4 

6 x 6 x 

39-1 

2:55 to 3:25 

6*0 

35*0 

31*0 

46*3 

15*3 

283*4 

708-7 

39*1 

3:47 to 4:17 

8*4 

26*2 

34*6 

46*3 

11*7 

216*7 

541-5 

39*2 

4:42 to 5:12 

9*3 

36*6 

35*9 

46*3 

10*4 

192*6 

4817 

39*1 

Average, 

6*7 

25*0 

1M 

46*3 


269*5 

673-9 

39*1 


The following figures give the average daily result in body tem¬ 
perature and in the amount of carbonic acid contained in 37'5 litres 
of aspirated air: 

April 19, 38-9° 0. 577*7 milligrams CO, 

“ 30, 38*5 “ 535*9 

M 31, 39*1 “ 673*9 “ “ 

The uranium nitrate was introduced by hypodermic injection in 
the following quantities: 


April 19, 

5*40 p. m. 

0*050 gram of the salt. 

“ 20 , 

8*55 a. m. 

0*100 

<< 

1 4 

“ 30, 

10*35 a. m. 

0*100 

<< 

tt 

“ 20 , 

12*40 p. m. 

0*150 

<< 

tt 

“ 20 . 

1*85 p, m. 

0*150 

ft 

tt 

“ 20 , 

5*30 p. m. 

0*300 

ct 

tt 

“ 31, 

8*55 a. m, 

0*200 

tt 

tt 

“ 21 , 

2*45 p. m. 

0*125 

tt 

tt 


1*175 


The animal died on the 22d. 
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Second Series op Experiments with Uranium. 
Normal period, without uranium. 


Date. 

May 3. 

Oxalic acid to 
neutralize ba¬ 
ryta solution. 

1 

*s 

C3 y 

O 

cs 

Srd 

•a t 

r 

5 

&« O 
<d o 
o 

2 <M A 

§5g 

C5 -u= C”, 

s a cs 

O 

i 

Difference, c c. ox- i 
al c acid 

c5 

T3 

s 

cs 

•S 

o a 

o 

'A . 

* 

U 

.2 3 

c* JO 

o * 
a 

£ 

i 

a> 

a 

a 

1° 

PQ 

tube a. 
c. e. 

tubes h 
and c. 
c. c. 

A. M. 









9:08 to 9:38 

9*2 

24*3 

33-5 

44*8 

11*3 

328*4 

57i-i 

38*9 

10:08 to 10:88 

9*5 

25*0 

34*5 

44*8 

10*3 

208-2 

520-5 

^ 38*8 

11:03 to 11:38 

8*7 

| 24*4 

33*1 

44*8 

11*7 

236*5 

59i*3 

38*9 

11:57 to 13:27 

8*6 

34-2 

32*8 

44*8 

12*0 

242*5 

606*5 

38*7 

P. M. 









2:07 to 2:87 

9*7 

25*0 

34*7 

44*8 

10*1 

204*1 

510-4 

38*8 

2:59 to 3:29 

8*3 

24-2 

82*5 

44*8 

12*3 

248*6 

621*6 

38*9 

3:50 to 4:20 

8*7 

24*5 

33-2 

44*8 

11*6 

234*5 

586-3 

38*9 

4:44 to 5:14 

8*7 

24-5 

33*2 

44*8 

11*6 

234*5 

586-3 

39*4 

Average, 

8*9 

24*5 

33*4 

44*8 

11*4 

229*7 

574‘3 

38*9 


May 4. Normal period—continued. 


A. M. 

8:50 to 9:20 

9*2 

24*7 

33*9 

44*8 

10*9 

220*3 

550-9 

38*9 

9:49 to 10:19 

9*5 

24*4 

33*9 

44*8 

10*9 

220*3 

550-9 

38*4 

10:44 to 11:14 

8*9 

24*6 

33*5 

44*8 

11*3 

228*4 

57*'* 

38*9 

11:37 to 12:07 

9*5 

24*8 

34*3 

44*8 j 

10*5 

212*2 

530-6 

38*9 

P. M. 

1:56 to 2:26 

9*1 

25*0 

34*1 

44*8 

10*7 

216*3 

540-8 

39*1 

2:48 to 3:18 

9*6 

25*2 

84*8 

44*8 

10*0 

202*1 

505-6 

| 39*2 

3:41 to 4:11 

9*4 

25*0 

34*4 

44*8 

10*4 

210-2 

525-6 

i 39-1 

4:32 to 5:02 

9*3 

1 24*8 

34-1 

44*8 

10*7 

216*8 

540-8 

39*0 

Average, 

9*3 

24*8 

34*1 

44*8 

10-7 

216-3 

540-8 

39*0 
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With uranium nitrate . 


Dale. 

May 5. 

Ovalu 
licultnl 
i>ta sc 

cti 

CU o 
•§« 

add to 
l/o ba- 
ilution. 

rC O 

8 -a « 

3 § o 

3 

o 

1 ° 

O 

11 

EH 

Oxalic acid ecjiuva- 
leut to 250 e. c 
Ba(OHh. c c 

DifleieiiLe c c ox¬ 
alic acid 

O 

1 

n 

c3 

S o(j 

o3 

DU 

js bo 
: a 
S9 
as 

8 2 

0J 

3 

1 

Zjo 

1° 

W 

\ M 



1 






8:48 to 9:18 

8*7 

24*6 

33*3 

44*8 

11*5 

232*1 

581-2 

39*1 

9:41 to 10:11 

8*5 

24*5 

33*0 

44*8 

11*8 

238*5 

596-3 

39*3 

10:39 to 11:19 

9*0 

24*8 

33*8 

44*8 

ll'*0 

222*3 

555-9 

39*0 

11:31 to 12:04 

87 

24*0 

33*3 

44*8 ! 

11*5 

232*4 

S8l‘3 

39*9 

P JM. 









1:5? to 2:27 

8*5 

24*7 

33*2 

41*8 

11*0 

234*1 

586-2 

40*0 

2:40 to 3:19 

9*0 

24*8 

33*8 

44*8 

11*0 

222*3 

5559 

40*0 

3:45 to 4:15 

8*4 

21*6 

33*0 

44*8 

11*8 

238*5 

5963 

40*4 

4:40 to 5:10 

8*6 

21*4 

33*0 

44*8 

11*8 

238*5 

596 3 

40*5 

Average, 

CD 

-a 

24*6 

33*8 

44*8 

11*5 

2324~ 

581-2 

39*9 


May 6. With uranium nitrate—continued. 


A. M. 

8:52 to 9:22 

7*0 

22*1 

29*1 

44*8 

15*7 

317*3 

793*4 

40*0 

9:52 to 10:22 

5*6 

23*3 

28*9 

44*8 

15*9 

321*4 

803*5 

39*6 

10:48 to 11:18 

6*9 

24*0 

30*9 

44*8 

13*9 

280*9 

702*5 

38*2 

11:43 to 12:13 

0*9 

24*0 

30*9 

44*8 

13*9 

280*9 

702*5 

37*9 

P, M 

2:11 to 2:41 

7*5 

24*6 

32* t 

44*8 

12*7 

256*7 

641-8 

37*4 

3:02 to 3:32 

7*5 

24*4 

31*9 

44*8 

12*9 

261*7 

654-4 

38*1 

Average, 

0*9 

23*7 

, 

30*0 

44-8 

14*2 

2867" 

716-3 

38-15 
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Experiment with Oitpric Sulphate. 

Normal period, without copper. 


Date. 

Oxalic acid to| 
neutralise ba¬ 
ryta solution, j 

75 

'v 
a o 

S C5 

> v o 

QJ © 

. 

Difference, e c. ox¬ 
alic acid. 

cJ 

nd 

at 

& 

!» 

XO fj 

2 

a 

1 

g. 

May 10. 

tube a 
c. c. 

* o 
© *2 t5 

J2 0 . 

3 es a 
+» 

Total oxa 
used. 

Oxalic ac 
lent to 
Ba(OH 

0 

.9 * 
0*3 
o 

ir 3 

sl 

6'S 

4B . 

h° 

5° 

oq 

A. M. 

9:05 to 9:3o 

11*3 

27*7 

39*0 

j 

47*7 

8*7 

175*8 

4397 

37*9 

10:00 to 10:30 

12*3 

28-0 

40-2 

47'7 

7*4 

149*5 

374'° 

37*8 

10:57 to 11:37 

11*8 

27-8 

39*6 

47-7 

8-1 

163*7 

409-4 

31 *8 

11:49 to 12:19 

12*4 

28*0 

40*4 

47*7 

7-3 

147*5 

3689 

37*8 

P. M. 

2:07 to 2:37 

12*2 

27-9 | 

40*1 

47*7 

7*6 

153*6 

384-1 

37*8 

3:00 to 3:30 

11-9 

l 

28*0 

39*9 

47*7 

7*8 

157*6 

3942 

37*7 

3:52 to 4:22 

12*4 

28*0 

40*4 

47-7 

7*3 

147*5 

368-9 

37*8 

4:42 to 5:12 

12*5 

27*9 

40*4 

47-7 

7*3 

146*5 

366-4 

38*3 

Average, 

12*1 

27*9 

40-0 

47-7 

7*7 

155*2 

388*2 

37*9 


May 11. With cupric sulphate. 


A. M. 

9:04 to 9:34 

13*0 

28*3 

i 41*3 

47*7 

6*4 

129*3 

323-4 

! 

37*2 

10:03 to 10:33 

12*0 

28*0 

1 

40*0 

47*7 

7*7 

155*6 

389-1 

37*3 

10:58 to 11:28 

12*7 

28*0 

40*7 

47*7 

7*0 

141*5 

353*8 

38*2 

11:54 to 12:24 

12*5 

27*8 

40*3 

47*7 

7*4 

148*5 

371*5 

38*3 

P. M. 

1:56 to 2:26 

11*8 

27*9 

39*7 

47’7 

8*0 

161*7 

404-3 

36*7 

2:49 to 3:19 

13*0 

28*2 

41*2 

47*7 

6*5 

181*4 

328-5 

35*7 

3:43 to 4:13 

18*2 

j 

28*2 

41*4 

47*7 

i 

6*3 

127*3 

318-4 

36*6 

4:39 to 5:09 

13*7 

28*3 

42*0 

47-7 

5*7 

115*2 

288*1 

85*8 

Average, 

12*7 

28*1 

40*8 

47*7 

6*9 

138*8 

347 * 

37*0 
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With cupric sulphate—Continued. 


Dale. 

May 12 

Oxalic* 
nonti.il 
lyfu so 

ctf 

1 ° 

acid to 

171* 1>A- 

lution. 

a 

2*2 a 

rO 0 . 

9 es o 

Total oxalic acid 
used, c c 

£ <s 

a © o 
. >o . 

r Zt W 

A 0 a 
a a> cq 

O 

g 

£ 

c. 

&D’ 
g« 

B 2 

,<u ^ 

s* 

o 

s 

0 B 

fl . 

~ OO 

8 3 

rt* GO 

'? S3 
*r « 

a *S 

o M 

CJ 

Bodv temperature 
°C. 

A. M. 









9:11 to 9:41 

13-3 

28*3 

41*6 

47*7 

0*1 

123*3 

308-3 

35*2 

10:06 to 10:36 

13*6 

28*3 

41-9 

47'7 

5*8 

117*2 

2931 

35*3 

11:00 to 11:30 

14*7 

28*3 

43*0 

47-7 

4*7 

95*0 

237*5 

35-7 

11:52 to 12:22 

13*6 

28*4 

42*0 

47-7 

5*7 

115*2 

288*1 

85-8 

P. M. 









2:15 to 2:45 

13-7 

28*2 

41-9 

47-7 

5*8 

117*2 

293*1 

35*9 

3:09 to 3:39 

13*7 

28*3 

43-0 

47'7 

5*7 

114*2 

285-5 

36*1 

3:59 to 4:29 

14*4 

38*3 

43-7 

47-7 

5*0 

101*0 

252.7 

36*2 

4.53 to 5:23 

14*0 

28*4 

43-4 

47-7 

5*3 

107*1 

267-9 

36*2 

Average, 

13*9 

28*3 

42*2 

47*7 

5*5 

111*3 

278-3 

35*8 


Following are the average daily results, expressed in milligrams 
of CO a contained in 37*5 litres of aspirated air, together with the 
average body temperature: 


May 10. 

37*9° 0. 

388*2 milligrams C0 2 

“ 11. 

37*0 

347*1 

“ 12. 

35*8 

278*3 " 

The cupric sulphate was introduced by 

hypodermic injection, in the 

following amounts: 
May 10. 

5*34 p. m. 

0*025 gram CuSOi 

“ 11. 

8;57 a. m. 

0*005 “ 

“ 11. 

9:05 a. m. 

0*025 “ “ 

“ It. 

12:20 p. m. 

0*050 “ « 

“ 12. 

9:08 a. m. 

0*025 “ “ 

Rabbit died on the 

13th. 

0*130 


Trans. Conn. Acad., Yol. VII. 53 


March, 1887. 



418 Chittenden and Cummins—Influence of some Organic 


of these two clays for comparison, it is seen that the action of the 
uranium is somewhat slow, but that it produces on the first day 
(May 5) a noticeable rise in temperature, without any appreciable 
change in the elimination of carbonic acid. The full effect of the 
uianiuin, however, shows itself on the day iollowing the last dose 
of the salt, and we then see the same noticeable increase in the elim¬ 
ination of carbonic acid noticed in the first series of experiments. 
We have to conclude, then, that uranium nitrate, when taken in 
sufficient quantity, tends to raise materially the body temperature 
and to increase very noticeably the excretion of carbonic acid. 

Action of cupric sulphate. 

Falck, as quoted by Dr. H. C Wood,* * * § has .found that cupric sul¬ 
phate acts upon dogs, pigeons, rabbits and similar animals as an 
irritant, neurotic poison; producing great depression of temperature, 
with progressive general paresis ending in death, apparently from 
failure of respiration. Our experiments on rabbits show a marked 
influence of the salt in depressing body temperature and a still 
greater influence in diminishing the production of carbonic acid. 
The results of one experiment are shown in the preceding table. 
Although but 130 milligrams of the copper salt were used altogether, 
the animal finally died on the day following the conclusion of the 
experiment. 

Action of arsenious oxide . 

C. Schmidt and Sttirzwagof have shown by experiments on cats, 
that arsenious acid tends to produce a noticeable diminution in the 
excretion of both nitrogen and carbonic acid. Voit, however, has 
pointed out that in these experiments, the diminished excretion de¬ 
pends simply on the loss of a large portion of the food hy vomiting, 
and BolckJ has shown that small doses of arsenious oxide given to 
hungry dogs, is wholly without influence on the decomposition of 
proteid matter. With large, toxic doses of arsenic, Gahtgens$ and 
Kossel|| have shown that a very noticeable increase in the elimina¬ 
tion of nitrogen takes place. These facts constitute about the sum 


* Therapeutics, Materia Medica and Toxicology, p. 46. 

f Moleschott’s Untersuchungeo, vi, p. 283, 

t Zeitschrift fur Biologie, vii, p. 430. 

§ Centralblatt f. Med. Wissen., 18t5, p. 529. 

J Archiv. f. exper. Path, u. Pharm, v, p. 128. 
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total of our knowledge regarding the action of arsenic on tissue 
changes. 

Our experiments were made with rabbits in a condition of hunger, 
deprived of food for three days prior to the experiment, and the 
results appear to show that arsenious acid, in the case of rabbits, lias 
a tendency to diminish the excretion of carbonic acid, presumably 
through its action on the metabolic* activity of the tissue cells. The 
amount of arsenic given was quite small and the animal seemed 
wholly unaffected by the poison. 

Action of potassium antimony tartrate. 

Voit* states that antimony in large doses affects proteid metabo¬ 
lism in the same manner as arsenic, and since Saikowsky has shown • 
that both arsenic and antimony tend to produce a fatty degeneration 
of the various organs, in which presumably the fat is formed from the 
decomposition of proteid matter, the uon-nitrogenous moiety of the 
albumin molecule being stored up as fat instead of being burned to 
carbonic acid, it seems natural to expect that these two substances 
when taken in large quantity at least, should like phosphorus diminish 
both the consumption of oxygen and the elimination of carbonic acid. 

With rabbits our results with antimony certainly lead to this con¬ 
clusion. Even small doses of tartar emetic quickly lead to a dimin¬ 
ished excretion of carbonic acid and also to a noticeable fall in tem¬ 
perature. In the first series of experiments, the results of which are 
shown in the accompanying tables, the excretion of carbonic acid fell 
from 363*6 milligrams per 37*5 litres of aspirated air to 203*8 milli¬ 
grams and with a fall in temperature of from 30° C. to 34*6° 0. The 
total amount of tartar emetic given was 82 milligrams. 

In the second series of experiments, where as before, the Babbit had 
been deprived of food for three days prior to the experiment, still 
smaller quantities of antimony were given with even more pronounced 
results, both in the diminution of carbonic acid and in the depression 
of temperature. Thus while in the normal period the excretion of 
carbonic acid amounted to 396 milligrams per 37*6 litres of aspirated 
air and with a normal temperature of 38*6° 0., tartar emetic (0*065 
gram) given in divided doses reduced the carbonic acid to 106*5 mil¬ 
ligrams per 37*5 litres of aspirated air and the temperature to 27*0° O. 
Ackermannf has already called attention to the great decrease in 
animal heat produced by antimony, notably in the case of rabbits. 

* * Hermann’s Handbucii der Physiologie, Band vi, p. 184. 

t See H. 0. Wood, Therapeutics, etc., p. 158. 
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Experiment with ARbBNious Oxide. 
Normal period, without arsenic. 


Date. 

Oxalic acid to 
neutralize ba¬ 
ryta solution. 

% 

;» 

A o 

> tJ © 

a© © 

er 

u O 

Difference c. c. ox¬ 
alic acid 

© 

a 

CO 

1*1" 

hi 

& 

P 

c5 

S> 

June 7 

cS 

© o 

S“ 

tubes b 
and c. 
c. c. 

a 

8,0 

& 

% p 

Eh 

SSB 

% -2S 
o 

a 

o 

s 

s| 

8 8 

I 

m 

A. M. 




44*3 





10:04 to 10:34 

7-8 

24*5 

32*8 

12*0 

242*5 

606*5 

38*7 

11:08 to 11:88 

7-5 

25-3 

32*7 

45-5 

12*8 

258-1 

646*9 

38*9 

12:06 to 12:86 

9*2 

26*2 

35*4 

45*5 

10*1 

204-1 

S I0 ‘4 

88*9 

P M 









1:57 to 2:37 

88 

25*6 

33*9 

45*5 

lt*6 

284-5 

586*3 

38*9 

2:52 to 8:32 

8*6 

25*7 

34*3 

45*5 

11*2 

236-4 

566*0 

39*0 

8:50 to 4:20 

6*9 

25*5 

33*4 

45*5 

13.1 

364-8 

662*0 

39*3 

4:44 to 5:14 

9*1 

24*9 

34*0 

45*5 

10*5 

211-3 

528*1 

38*9 

Average, j 

8-2 

25-4 

33*6 

45*3 

11*6 

234*6 

586*6 

38*9 


June 8. With arsenious oxide. 


A.M. 

9:00 to 9:30 

9*0 

25*8 

34*8 

45*5 

10*7 

215*2 

538-2 

38*8 

9:53 to 10:22 

10*3 

26*4 

36*7 

45*5 

8*8 

177*8 

4447 

38*7 

10:45 to 11:15 

10*1 

26*3 

36*4 

45*5 

91 

183*9 

459*9 

38*8 

11:87 to 12:07 

9*8 

26*4 

36*2 

45*5 

9*3 

188*0 

470-0 

38*8 

P M* 

2:14 to 2:44 

9*1 

26*0 

35*1 

45*5 

10*4 

218*3 

545*8 

39*0 

3:08 to 3:88 

10*4 

26*5 

36*9 

45*5 

8*6 

172*8 

432-1 

39*0 

3:58 to 4:38 

10*0 

26*4 

36*4 

45*5 

9*1 

182*9 

457*4 

39*3 

4:48 to 5:18 

9*4 

26*3 

35*7 

45*5 

9*8 

198*1 

495*3 

39*2 

Average, 

9*8 

! 26*8 

86*0 

45*5 

9*5 

193*1 

480*4 

88-9 
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With arsenious oxide—continued. 


Date 

June 9. 

Oxalic acid to 
iioutrali/iQ ba¬ 
ryta solution. 

ctf cJ 

0 o “ ts o 

*§ 6 'p S o 

Total oxalic acid 
used. c. e. 

£ O* o 

‘1 d 
z ,« • 

leg 

o h 'r. 
« £3 os 
« ® ao 

5 

Piffeience c. c. ox¬ 
alic acid. 

d 

xt 

a 

r* 

rO 

at 

u 

O 

‘a. 

«cb 

>« • 

- tS 

■ 3 g 
g M 

Body tempeiature. 

C. 

A. M. 









9:00 to 9:30 

9*4 

26-1 

35*5 

45*5 

10-0 

202*1 

S°5'4 

39*0 

9:52 to 10:22 

10*4 

26*5 

36*9 

45*5 

8*6 

172*8 

432*1 

38*9 

10:41 to 11:11 

9*1 

26*1 

35*2 

45*5 

10-3 

208*2 

S20-S 

39* t 

11:36 to 12:06 

9*6 

26*3 

35*9 

45*5 

9*0 

194*0 

485-2 

39*0 

P. M. 









2:15 to 2:45 

9*6 

26*5 

36*1 

45*5 

9*4 

190*0 

475'i 

39-2 

3:08 to 3:38 

9*6 

26*5 

36*1 

45*5 

9*4 

190*0 

475‘Ji 

38*9 

3:57 to 4:27 

10*3 

26*5 

36*8 

45*5 

8*7 

175*8 

439*7 

39*2 

4:47 to 5:17 

10*0 

26*5 

38*5 

45*5 

9*0 

181*9 

464-8 

89*2 

Average, 

9*7 

26*4 

36*1 

45*5 

9*4 

189*3 

473*5 | 

89*1 


Average daily excretion of carbonic acid expressed in milligrams 
of CO a per 37'5 litres of aspirated air, and average temperature is as 
follows: 

June 7 38*9° C. 586*0 milligrams CO* 

44 8 38*9 480*4 

“ 9 39*1 473*5 

The arsenious oxide was introduced by way of the mouth in small 
gelatin capsules, in the following doses : 

June 7 5:25 p. m. 0*005 gram As*0 3 

44 8 8:47 a.m. 0*005 4t 

44 8 12:12 p.m. 0*003 4 * 

44 8 5:25 p.m. 0*005 44 

44 9 8:50 a.m. 0*005 44 

44 9 12:12 p. m. 0*010 44 


0*035 
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First series of experiments with Antimony. 
Normal period, without tartar emetic . 


Date. 

Oxalic acid to 
neutralize ba¬ 
ryta solution. 

ns 

o 

J2 o 

cd 

goo 

3,0 CJ 
C 7 \_ 

Z »o , 

"CJ <M JJ 

t 

o 

6 . 
o *2 

b and c 

p-. 

<§ 

g 

w 

2 

1 

Maxell 31. 

tube a. 
c c. 

tubes b 
and c 
c c 

Total oxa 
used. 

Oxalic ac 
lent to 
BafOH 

o C 
g eo 
u o 

*9 

ca 

S* 

0*8 

o 

i~ * 

!| 
o M 
o 

3 

o° 

PQ 

A. M. 

9:03 to 9:33 

13*9 

30*9 

44-8 

52*6 

7*8 

144*5 

361-3 

38*6 

10:01 to 10:31 

13*8 

31*0 

44*8 

52*0 

7*8 

144.5 

361-3 

38*8 

10:56 to 11:26 

15*0 

31*0 

46*0 

52*6 

6*6 

122*2 

3057 

38*9 

11:52 to 12:22 

13-7 

30*8 

44-5 

52 6 

8*1 

150-0 

375*2 

39*2 

P M 

1:55 to 2:25 

12*5 

30*0 

42*5 

52*6 

10*1 

187*0 

467*7 

39*1 

2:47 to 3:17 

15*0 

1 81-1 

46*1 

52 6 

6*5 

120*4 

301-1 

39*2 

3:41 to 4:11 ' 

14*4 

30*4 

44*8 

52*6 

7*8 

141*5 

361-3 

39*2 

4:36 to 5:06 

13*7 

30*8 

44*5 

52*6 

8*1 

150*0 

375‘2 

39*3 

Average, 

14*0 

30*7 

44*7 

52*6 

7.85 

145*4 

363*6 

39*0 


April 1. With tartar emetic . 


A. M. 

8:57 to 9:27 

14*1 

30*8 

44*9 

52*6 

7*7 

141*7 

354*4 

; 

38*1 

9:54 to 10:24 

14*5 

31*0 

45*5 

52*6 

M 

131*5 

328*9 

36*9 

10:50 to ll&O 

15*4 

31*0 

46*4 

52*6 

6*2 

1 

114*8 j 

287*2 

36*4 

11:44 to 12:24 j 

1 

15*4 

31*0 

46*4 

52*6 

6*2 

114*8 | 

287*2 

35*7 

P* M 

2:01 to 2:31 

17*0 

31*2 

48*2 

52*6 

4*4 

81*5 

203*8 

34*6 

Average, ! 

! 15-8 

31*0 

| 46-8 

52*6 

6*3 

116*9 

292*3 

36*3 


The antimony was given in the form of tartar emetic ami was 
introduced by hypodermic injection as follows: 


March 31. 5:20 p.m. 0*012 gram tartar emetic. 

April 1. 8:45 a. m. 0*035 “ “ 

“ 1. 12:48 p.m. 0*085 

T082 


Rabbit died at 3:30 p. m., April 1, 
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Second series of experiments with Antimony. 
Normal period , without tartar emetic . 


Dalo. 

April 5. 

Oiulie 

nontial 

i)tasoJ 

* . 

© o 

■§«> 

fa 

acid to 
i/o ha¬ 
lation 

- r~ — 

- o . 

I S u 

Total oxalic acid 
used c c. 

Oxalic acid equiva¬ 
lent to 250 c c. 
Ba(0H) 2 c c. 

Difference c c ox¬ 
alic acid 

o 

a 

es 

£> 

of 

9 bb 

O 3 
o 

• 

§« 

03 

as 

k4 

»C5 u 

*r 8 

« s 

o u 
o 

0) 

& 

I 

1 

4S? 

« 

A M. 









9:14 to 9:44 

14*4 

30*9 

48-3 

52*6 

7*3 

135*2 

338-1 

38*4 

10:09 to 10:39 

13*0 

30*3 

43*3 

52*6 

9*3 

172*3 

430-8 

38*5 

11:04 to 11:34 

13*1 

30*5 

43*6 

52*6 

90 

166*7 

4 x 6-9 

38*4 

11:57 to 12:27 

14*5 

30*8 

45-3 

52*6 

7*3 

135*2 

338-1 

38*6 

P. M. 









2:05 to 2:85 

13*8 

30*7 

44*5 

52*6 

8*1 

150*0 

375-2 

38*9 

2:58 to 3:28 

13*1 

30*5 

43-6 

52 6 

9*0 

166*7 

416-9 

38*8 

3:52 to 4:22 

12*7 

30*5 

43-2 

52*6 

9-4 

174*1 

435'4 

38*9 

4:45 to 5:15 

12*9 

30*7 

436 

52*6 

9-0 

166*7 

416-9 

38*7 

Average, 

13 4 

30*6. 

44*0 

52*6 

8*5 

158*4 

396*0 

38*6 


April 6 With tartar emetic . 


A. M. 

8:59 to 9:29 

14-8 

30*8 

45*3 

52*6 

7*3 

185*2 

338-1 

87*4 

9:57 to 10:27 

18-3 

31*1 

46*3 

52*6 

6*3 

116*7 

291-8 

36*7 

10:52 to 11:22 

14-8 

30*6 

45*1 

52*6 

7*5 

138*9 

347’4 

36*6 

11:46 to 12:16 

14-5 

31*0 

45*5 

52*6 

7*1 

131*5 

328-9 

37*3 

P. M. 

1:58 to 2:28 

18-8 

30*9 

46*2 

52*6 

6*35 

117*6 

294-1 

36*2 

2:50 to 3:20 

14-8 

30*9 

45*4 

52*6 

7*2 

133*4 

333-5 

36*2 

3:42 to 4:12 

18-4 

31*2 

46*6 

52*6 

5*95 

110*2 

275-6 

35*4 

4:38 to 5:08 

15-7 

31*2 

46*9 

52*6 

5*7 

115*6 

289-0 

35*7 

Average, 

14*9 

31*0 

45*9 | 

52*6 

6*68 

124*9 

312*2 

36*7 
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With tartar emetic—continued. 


Date 

A pul 7 

CKalic 
neutral 
ryta so' 

C3 

O © 

B 6 

acid to 
170 ba- 
lution 

•° o 
£ -d o 

I s ® 

rs 

§„ 

© 

•a © 

■a 9 

r 

5 O o 

S, © © 
£ o 
*2 

Diffeientc c c ox¬ 
alic acid 

o 

rC 

§ 

x> 

cc 

■r 

o a 
o 

9* 

uJ S 

» h 

S a 
si 

o s 
o 

Body temperature 
°C 

A M 

9.00 to 9:30 

17*6 

312 

48*8 

52*6 

3*8 

70*4 

176*0 

30*0 

9:59 to 10:39 

18*5 

31*3 

49*8 

52 6 

2*8 

51*8 

129*7 

28 0 

10:53 to 11:33 

18 9 

31*4 

50*3 

52*6 

2*3 

42*6 

106*5 

27 0 

Average, 

18*3 

31*3 

49*6 

52-0 

2-97 

54*9 

137*4 

38 3 


Average daily excretion of carbonic acid expressed in milligrams 
of C0 2 per 37-5 litres of aspirated air, together with aveiage temper- 


ature is as follows : 
April 5. 

38 6 ° C. 

396 0 milligrams C0 2 

6 . 

36*7 

312*0 

7. 

28*3 

137*4 

The following amounts of antimony were injected: 

April 5. 

5:30 p. m. 

0*015 gram tartar emetic. 

6 . 

8:45 a. m . 

0*015 

6 . 

12:39 p. m. 

0 015 

6 . 

5:24 p. m. 

0*010 


Rabbit died at 12 m., April 7. 


0*055 
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. Action of morphine sulphate . 

Boeck and Bauer* have already made a careful study of the action 
of morphine on the elimination of carbonic acid and the absorption 
of oxygon. By experiments on a cat and on a dog they found that 
the action of morphine on metabolism was mainly an indirect one, 
affecting especially the consumption of non-nitrogenous matter. 
Further, that its action hinged mainly on its power of affecting mus¬ 
cular activity ; thus in the case of a cat the first action of morphine 
was to increase the elimination of carbonic acid and the consumption 
of oxygen, due to the increased muscular activity induced by the 
poison, while in the case of a dog, where narcosis was half induced, 
there was a diminution in the amount of carbonic acid eliminated 
amounting in one case to 27 per cent. This diminished excretion 
was due almost wholly to the quieting action of the morphine and 
was followed by an after period in which there was increased produc¬ 
tion of carbonic acid, due to the increased activity of the muscle 
tissue. 

In these experiments the dose of morphine was 0*05 gram, in the 
form of chloride, and was introduced by subcutaneous injection. The 
injection of the poison was followed soon after by convulsions, etc., 
indicating vigorous toxic action. In our first series of experiments 
we endeavored to hare the toxic action less pronounced, and for this 
reason the morphine was introduced by way of the mouth in repeated 
doses, the experiment extending through three days and into the 
fourth. The rabbit was deprived of food through the entire period 
and had also been kej!t without food for three days prior to the 
experiment. The data are to be found in the accompanying tables. 

The results do not show any very marked action, either on the 
excretion of carbonic acid or on the body temperature. At no time 
was there any noticeable indication of increased muscular activity, 
the rabbit remaining fairly quiet in the chamber and showing no 
symptoms of tetanic convulsions. On the other hand there was no 
very profound narcotism. A study of the individual results, how¬ 
ever, shows that directly alter each dose of morphine, the excretion 
of carbonic acid fell quite noticeably for one or two periods. Such 
action as was produced, therefore, in this experiment, is to be consid¬ 
ered simply as incidental to the semi-somnolent condition of the 
animal. 

In a second shorter series of experiments with a rabbit, one single 
* Zeitachnft fur Biologie, Band x, p. 339. 


Trans. Oonn. Acad.. Yol. TIL 64 


March, 1887. 
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First Series op Experiments with Morphine. 
Normal period, without morphine . 


Date. * 

Oxalic acid to 
neutralize ba¬ 
ryta solution. 

‘S 
* o 
o . 

■3 ° 

^ Cj 

<y 

So 
. . 
<n « 

Difference c. c. ox¬ 
alic acid. 

| 1 

& . 

l P H 

% 

1 

& 

Match 24. 

tube a. 
c c. 

*5 ® 

S'd c5 
*§ § o 

■as 

I 3 

Oxalic ae 
lent to 
Ba(OH 

ctf 

8 s 

IT 

•!l 

o - 

J^, 

>»'* J 

A. 11. 

8:51 to 9:34 

11.0 

25 5 

36*5 

45-1 

8*6 

159*8 

399*5 

37*9 

9:53 to 10:23 

11*9 

25*8 

37*7 

45*1 

7-4 

137*5 

344*0 

38*0 

10:50 to 11:20 

11*6 

25*7 

37*3 

45*1 j 

7*8 

144*9 

362*5 

37*9 

11:46 to 12:16 

---- 


36*8 

45*1 

8*3 

154*2 

385-7 

38*0 

P, M. 

2:14 to 2:44 

10*6 

26*1 

36*7 

45*1 

8*4 

156*1 

390-3 

38*2 

3:08 to 3:38 

10*2 

26*1 

36*3 

45*1 

8*8 

163*5 

408-8 

38*3 

4:02 to 4:32 

10-8 

26*1 

36*4 

45-1 

8*7 

161*6 

404*2 

38*2 

4:55 to 5:25 

11-4 

26*1 

37*5 

45-1 

7*6 

141*2 

353-2 

87*8 

Average, 

11*0 

25*9 

86-9 

45*1 

8*2 

153-4 

381-0 

38*0 


March 25. With morphine sulphate . 


A. M. 

8:51 to 9:21 

11-7 

26*5 

38*2 

45*1 

6*9 

128*3 

320-8 

38*2 

9:53 to 10:23 

11*8 

26*5 

38*3 

45-1 

6*8 

126*4 

316-2 

37*8 

10:47 to 11:17 

10:9 

26*2 

37*1 

45*1 

8*0 

148-7 

371-8 

38*0 

11:44 to 12:14 

1 M 

26*4 

37*5 

45*1 

7*0 

141 2 

353-2 

38*0 

P. M, 

2 : 01 * to* 2:81 

11*1 

26*2 

37*3 

45*1 

7.8 

144*0 

360-1 

38*7 

3:08 to 8:38 

11*7 

26*2 

37*9 

45*1 

7*2 

133*8 

334-7 

38*7 

4:04 to 4:34 

11*0 

25*7 

36*7 

45*1 

8*4 

156*1 

390-3 

38*6 

4:57 to 5:27 

10*0 

25*2 

35*2 

45*1 

9*9 

184*9 

463-3 

88*8 

Average, 

11-1 

26*1 

37-2 

45*1 

7*9 

145-4 

3637 

38.4 
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With morphine sulphate—continucd. 


Dale. 

March 26. 

(Kalie acid (o 
ncutialisw }>a- 
lyta solution 

£ “1 i'S “i 

3 O 3 ra o 

Total oxalic acid 
used c. c. 

j> o c5 

2, o o 

"XS jn 

§ S W 

6 

[ Difference e. c ox- 
j alic acid 

§ 

X 

CO 

7,|" 
o a 
o 

C0 S in 37 5 L. aspi¬ 
rated aii. mg 

1 

Body temperatuie. ^ 

A. M. 

9:24 to 9:54 

17*6 

35*8 

53*4 

60*5 

7*1 

i 

131*5 

328-9 

38*8 

10:19 to 10:49 

16*4 

35*6 

52*0 

60*5 

8*5 

157*4 

3937 

38*8 

11:14 to 11:44 

16*5 

35*7 

52*2 

60*5 

8*3 

153*7 

384:5 

88*6 

12:09 to 12:39 

16*5 

35*7 

53*2 

60*5 

8*3 

153*7 

384-5 

38*9 

P. M. 

1:58 to 2:28 

17*4 

35*8 

53*2 

60*5 

7*3 

135*2 

338-1 

38*9 

2:55 to 3:25 

17*0 

35*7 

52*7 

60*5 

7*8 

144*5 

361-3 

38*7 

3:49 to 4:19 

16*1 

35*5 

51*6 

60*5 

8*9 

164*9 

412-3 

38*9 

4:48 to 5:18 

i 16*0 

35*3 

51*3 

60*5 

9*2 

170*4 

423-7 

38*8 

Average, 

16*7 

1 35*6 

52*3 

60*5 

8*2 

151*3 

378-4 

38*8 

March 27. 

A Sf. 

8:33 to 9:03 

16*2 

35*6 

51*8 

60*5 

8*7 

161*1 

403-0 

38*9 

9:30 to 10:00 

15*7 

35*5 

51*2 

60*5 

9*3 

172*3 

430-8 

38*9 


Following is the average daily excretion of carbonic acid, expressed 
in milligrams per 37*5 litres of aspirated air, together with the aver¬ 
age body temperature: 

March 34. 38*0° 0. 381*0 milligrams CO« 

“ 25. 38*4 363*7 

“ 36. 38*8 378*4 “ 

“ 37. 38*9 416*9 « 

The morphine was introduced into the stomach in solution in the 
following amounts: 


March 24. 

6:00 p. m. 

0*075 gram morphine sulphate. 

“ 25. 

8:35 a. m. 

0*075 

tt 

“ 25. 

12:85 p. m. 

0*075 

u 

“ 25. 

5:50 p. in. 

0*100 

« 

“ 26. 

9:15 a. m. 

0*100 

it 

“ 26. 

12:50 p. m. 

0*100 

« 


0*525 
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ical action. In this connection, the action of quinine on proteid 
metabolism has been very thoroughly investigated, but as to its exact 
influence on the decomposition of non-nitrogenous matter, as shown 
by its effects on the elimination of carbonic acid, there is less una¬ 
nimity of opinion. This is naturally a point of considerable import¬ 
ance for if, as is generally supposed, the alkaloid has the power of 
diminishing body temperature, it would presumably be due to its in¬ 
fluence on the combustion of non-nitrogenous matter in the body. 
Ranke, Kerner, von Boock and others have plainly shown the power 
of quinine to diminish proteid metabolism, but Strassburg, by an 
elaborate scries of experiments* found that the alkaloid had no very 
decided effect upon the elimination of carbonic acid, either in healthy 
or fevered rabbits. 

Boeck and Bauer,f however, from experiments on cats, claim that 
quinine in the first stage of its action diminishes somewhat the pro¬ 
duction of carbonic acid, owing to its inhibitory action on the tissue 
cells; but when large doses of quinine arc given, so that con¬ 
vulsions appear, then there is an increased production of carbonic 
acid, owing to the greater decomposition of non-nitrogenous matter 
incident to increased muscular activity. With small doses of the 
alkaloid, it is to be presumed that the slight diminution in carbonic 
acid noticed by Boeck and Bauer comes simply from diminished 
proteid metabolism. 

In our experiments, rabbits only were used and these in a con¬ 
dition of hunger, having been deprived of food for three days prior 
to the experiment. In the first series of experiments, the total 
amount of quinine given was quite large, so that at last the animal 
fiually died from its effects. No decided action on the production of 
carbonic acid was noticed until just before the animal’s death, 
when both the body temperature and the amount of carbonic acid 
fell quite noticeably. On the second day of the experiment, when 
the quinine was first being given, the body temperature, as taken per 
rectum, fell quite gradually until it finally reached a point 1*5 °C. 
below the average of the normal period, The results of the experi¬ 
ment are to be seen in the accompanying tables. The quinine given 
was in the form of hard, gelatin-coated pills and possibly was not as 
rapidly absorbed as might otherwise have been. At no time was the 
rabbit in convulsions. 


♦Quoted from ^ Dr. H. C. Wood, Therapeutics, p. 15. 
f Zeitschrift fur Biologie, Band x, p. 350. 
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First Series of Experiments with Quinine 
Normal period without quinine sulphate . 

, . g 

Oxalic acid to g ° m . d 

neutralize l>a- .*2 *g °* o 

Date. ryta solution S o cS ° § 

• £« d • r-0 JQ 

April 12. . If! 11 | . 

I? 43 ?i 11“' iH 3 ^ 

3 o ^ o ^ q P q 

. . 43 1 

h'cjcmic 

If 

P u 

55 

o g 

o 

A. M. 








9:11 to 9:41 

9*5 

24*2 

33*7 

41*5 

7*8 

144-5 

361-5 

10:05 to 10:35 

10*8 

24*4 

35*2 

41*5 

6*3 

116-7 

291*8 

10:58 to 11:28 

10*8 

24*2 

35*0 

41*5 

6*5 

120-4 

301*1 

11:54 to 12:24 

10*7 

24*2 

34*9 

41*5 

6*6 

122-2 

305*7 

P. M. 








1:58 to 2:28 

10*0 

24*0 

34*0 

41*5 

7*5 

138-9 

347-4 

2:51 to 8:21 

10*0 

24*2 

34*2 

41*5 

7*3 

136-2 

338 -* 

3:49 to 4:19 

10*5 

24*3 

34*8 

41*5 

6*7 

124-1 

310-4 

4:41 to 5:11 

11*0 

24*3 

35*3 

41*5 

6*2 

114-8 

287*2 

Average, 

10*4 

24*2 

34*6 

4 hT 

6*8 

127*1 

317*8 

April 13. 


With quinine sulphate . 



A. M. 








9:14 to 9:44 

9*3 

23*9 

33*2 

41*5 

8*8 

153*7 

384-5 

10:10 to 10:40 

11*8 

23*9 

35*2 

41*5 

6*3 

116*7 

291*8 

11:05 to 11:35 

11*0 

24*4 

35*4 

41*5 

6*1 

118*0 

282*6 

11:58 to 12:38 

10*3 

24*2 

34*5 

41*5 

7*0 

129*7 

314*3 

P. M. 








1:55 to 2:25 

9*4 

24*0 

33*4 

41*5 

8*1 

150*0 

375*2 

2:46 to 3:16 

10*1 

24*2 

34*3 

41*5 

7*2 

183*4 

333*3 

3:40 to 4:10 

9*3 

23*8 

33*1 

41*5 

8*4 

168*7 

340*5 

4:32 to 5:02 

10*3 

24*1 

34*4 

41*5 

7*1 * 

143*5 

282*6 

Average, 

10*1 

24*1 

84*2 

41*5 

7 * 3 ~ 

138*6 

335-6 
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With quinine sulphate—continued. 


Hate. 

April 11. 

Oxalic acid to 
neutralize ba¬ 
ryta solution. 

V/ 

* ° * 
a O , s S3 CJ 1 
J3 |+- 

Total oxalic acid 
used c. c. 

Oxalic acid equiva¬ 
lent to 230 c. c. 
Ba(OH) 2 . c c. 

Difference, c. c. ox¬ 
alic acid. 

d 

i 

& 

03 

•S if, 
n q 

8 9 

% . 

& 00 
“is 

»© £ 
£*S 

i! 

8 

£ 

& 

l 

!. 

A. M. 

8:54 to 9:24 

10*0 

24*3 

34*3 

41*5 

7*2 

133*4 

333*5 

38*6 

9:50 to 10:20 

10*2 

24*1 

34*3 

41*5 

7*2 

133*4 

333’5 

38*2 

10:43 to 11:13 

9*8 

34-0 

33‘K 

41*5 

7*7 

142*6 

35^*7 

38*3 

11:38 to 12:08 

10*9 

34-3 

35-3 

41*5 

0*3 

116*7 

291*8 

37*6 

P M. 

1:57 to 2:37 

•„ 

24*5 

85*8 

41*5 

5*7 

105*6 

264*0 

34*7 

Average, 

10*1 

24*3 

34*6 

41.5 

6*9 

1 1 

126*3 

3 r 5’9 

37*5 


The following amoimLs of quinine were given by way of the mouth: 


April 12 

5:20 p. m. 

0*130 gram quinine sulphate. 

“ 13 

9:10 a. m. 

0*260 “ 

u 

ik 

44 13 

1:00 p. m. 

0*390 “ 

tt 

6k 

“ 13 

5:15 p. m. 

0*520 “ 

tk 

tk 

fc< 14 

8:45 a. m. 

0*520 a 

6k 

66 

“ 14 

12:00 m. 

0*780 “ 

2*600 

tk 

tk 


Rabbit died at 3 p, m. April 14. 

Following are the average daily results in temperature and in the 
amount of carbonic acid excreted per 37*5 litres of aspirated air. 

April 12 38*6 0. 317*8 milligrams 00 a . 

“ 13 38*1 “ 325*6 “ 41 
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Second Series op Experiments with Quinine. 
Normal period, without quinine sulphate . 


Date. 

May 17. 

Oxalic 
neuhal 
ryta s< 

03 

O O 

s- 

acid to 
Lizo 1 la- 
elution. 

* c5 

! , s < ! 
1 a ° 

Total oxalic acid J 

u&ed. c c. , 

I 

■i> 
0*0 ° 
0 > lO 

« A 

o 

Difference c c ox¬ 
alic acid 

1 

CO 

o a 
o 

A 

cu . 

u 0 

S* 

•!| 

8 

Body temperature. 

°c. 

A M. 









8:40 to 9:10 

5*8 

23*2 

27*5 

41*8 

14-3 

289*0 

722*7 

38*8 

9:33 to 10:03 

61 

22*8 

28*9 

41*8 

12-9 

260*7 

651-9 

38*8 

10:39 to 10:59 

6*3 

22*6 

28*8 

41*8 

13*0 

262*7 

657-0 

3R-8 

11:34 to 11:54 

4*9 

21*9 

26-8 

41*8 

15-0 

303-2 

7S8 1 

39*1 

P. M. | 









1:55 to 2:35 

5*0 

22*1 

27*1 

41-8 

14-7 

397*1 

742*9 

39*0 

2:48 to 3:18 

4*5 

23*0 

26-5 

41*8 

15*8 

309*3 

773-2 

38*9 

3:48 to 4:13 

6*7 

23*1 

29-8 

41*8 

12*0 

342*5 

606*5 

38*8 

4:35 to 5:05 

6*7 

23*0 

29-7 

41*8 

12*1 

244*5 

611*5 

38*9 

Average, 

5*7 

22*4 

28-1 

41-8 

13-7 

216-3 

690*5 

~38*6 


May 18. With quinine sulphate . 


A. If. 

9:05 to 935 

6*2 

22*5 

28-7 

41-8 

13*1 

264-8 

662*0 

38*6 

10:00 to 1130 

7*5 

23*0 

30*5 

41-8 

11*3 

238-4 

57 i'i 

38-4 

10:51 to 11:21 

5*6 

22-1 

27*7 

41*8 

14*1 

285-0 

712*6 

38*3 

1140 to 12:10 

6*0 

22*5 

28*5 

41*8 

13-3 

268*8 

672*2 

38*8 

P, M. 

2:14 to 2:44 

6*5 

32*8 

29*3 

« 

41-8 

12*5 

352-8 

6317 

38*9 

3:07 to 3:37 

6*5 

22*9 

29*4 

41-8 

12*4 

249-6 

624*I 

39*0 

4:01 to 4:31 

7*0 

23*1 

30*1 

41-8 

11*7 

236-5 

59^3 

39*0 

4:58 to 5:28 

6*0 

22*1 

28*1 

41-8 

13-7 

276-9 

692*4 

38*4 

Average, 

6*4 

~32T 

29*0 

41-8 

12-8 

257*8 

644*7 

~38*7~ 
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With quinine sulphate—continued' 


Date. 

Mny 19. 

Oxalic 
neutral 
ryto » 

« 

a> o 
% 6 

acid io 
lizc ba- 
olulion. 

-O cJ 

3 cs o 

Total oxalic acul 
ii^ed. c c. 

Oxalic acid equiva¬ 
lent to 250 c. c. 
Ba(OH). c. c. 

g 

6 

6 

|| 
m a 

3 

d 

13 

a 

cs 

& 

cs 

&A 

6 B 
o 

*. 1 
"tr 

u 

P* 

.3 5 
• 2 

1 0 

i 

I 

3 

a> 

4-> 

> ZJ 

A. M. 









0:02 to 9:32 

7*3 

23*0 

30*3 

41*8 

11*5 

232*4 

581*2 

38*9 

9:87 to 10:37 

7*6 

23*2 

30*8 

41*8 

11*0 

332-8 

555"9 

38-4 

10:50 to 11:90 

7*2 

23*1 

80-3 

41*8 

11*5 

232*4 

581*2 

38*7 

11:43 to 19:13 

6*9 

23*0 

29-9 

41*8 

11*9 

210*5 

601 4 

38*0 

P. M. 









2:03 to 2:33 

7*5 

23*2 

30*7 

41*8 

11*1 

223*3 

558*4 

38*9 

2:54 to 3:24 

8*2 

23*6 

31*8 

41*8 

10*0 

202*1 

505-4 

38*5 

3:47 to 4:17 

7*4 

23*3 

30*7 

41*8 

11*1 

221*3 

561*0 

38*8 

4:40 to 5:10 

7*1 

23*1 

30*2 

41*8 

11*6 

234*5 

586-3 

38*8 

Average, 

7*4 

23*2 

30*6 

41*8 

11-3 

226*4 

566-4 

1 

38*7 


The quinine was given by way of the mouth in gelatin capsules, in 
the following quantities: 


May 17 

5:30 p. m. 

0*250 gram quinine sulphate. 

“ 18 

8:50 a. m. 

0-250 “ 

<< U 

“ 18 

12:30 p. m. 

0-250 “ 

t. «< 

“ 18 

5:35 p. m. 

0-250 “ 

(k kk 

“ 19 

8:50 a. m. 

0-825 “ 

U ki 

“ 19 

1:55 p. m. 

. 0-250 “ 

1-575 

H (. 


Following are the average daily excretions of carbonic acid ex¬ 
pressed in milligrams of CO s *per 37-5 litres of aspirated air, together 
with the average body temperature: 

May 17 38*6° 0. 690*5 milligrams CO a 

" 18 38*7 “ 644*7 

“ 19 38*7 “ 566*4 

Trans. Conn. Acad., Vol. YIL 55 


March, 1887. 
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Third Series of Experiments ‘with Quinine. 
Noi'tiialperiod, without quinine sulphate. 


Oxalic acid to g a 0 

I neutralize ba- *§ 

ryta solution. « §fe 
o • Z *« 

_^ O "C! ^ 


Time 
March 8. 


„ s* sal «! 

r |i gI(S «€ 

f° |«° £ o ft 


9:50 to 10:20 | 15*5 I 88*9 | 49-4 | 59*25 | 9*85 | 182-5 | 456-3 



10:58 A. M. injected subcutaneously 0*088 gram quinine sulphate, 


12:25 to 12.55 
P. M. 

3:00 to 3:30 
4:06 to 4:36 
Average, 


16*9 

84*5 

51*4 

59*25 

7*85 

145-4 

3<>3"5 

38-4 

15*3 

33*9 

49*2 

59*25 

10*05 

180-3 

4®S‘S 

39*9 

15-6 

34*0 

49*6 

59*25 

9*65 

178-8 

447-0 

39*8 

15*8 

33*7 

49*5 

59*25 

9*75 

180-7 

451*8 

39*9 

15-9 

34*0 

49*9 

59*25 

9-35 

172 8 

432*0 

39*5 


Fourth Series of Experiments with Quinine. 
Normal period , without quinine sulphate. 


Time. 


March 10. 


Oxalic acid to 
neutralize ba- ^ 
ryta solution. * o 


A. M. 

9:11 to 9:41 
10:15 A. M. 


| 15*0 I 33*8 I 48-8 ) 69-25 | 10*45 | 193*6 | 484-0 | 
injected subcutaneously 0*15 gram quinine sulphate. 


10:33 to 11:03 

16*5 

84-0 

51-1 

59 25 

8-15 

151-0 

377’5 

11:39 to 12:09 

15-4 

38*9 

49-3 

59-25 

9 95 

184-4 

461 0 

13:88 to 1:08 

15*8 

34*1 

49*4 

59-25 

9*85 

182*5 

456-3 

p SI* 

2:54 to 3:24 

16-0 

34-3 

50-8 

59-25 

8-95 

165-8 

414-5 

4:07 to 4:37 

15-9 

.. 

34-1 

50-0 

59-25 

9-25 

171-4 

4*8-5 

Average, 

15-8 

34-2 

50*0 

59*25 

~9*25T 

1710 

427-6 
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Experiment with Cinchonidine. 
Normal period , without cinchonidine sulphate. 


Oxalic upwI to 
noutralizo bn- 


Date. 

Juno 2 1. 

■ 

ryta solution. 

ca d 

o d S d 
- . 3 
pi) £ OS CJ 

Total oxalic ac 
used. c. c. 

Oxalic acid equ 
leut to 250 c 
Ba(0H) 2 . c 

CJ 

aj p ci 
2*S 

S 53 

Z, cj 

E 

a 

cS 

.O 

08 

.5 d, 
o”S 

o 

in ^ 

j- *3 
*2 « 
• s -i 

o 

1 

SU 

E 

® 

1° 

A. M. 

9:00 to 9:30 

10*6 

28*8 

39*4 

50*2 

10*8 

218*3 

54S'S 

36*4 

9:56 to 10*36 

11*2 

29*1 

40*3 

50*2 

9*9 

200*1 

500-3 

87*4 

10:47 to 11:17 

12*0 

29*0 

41*0 

50*2 

9*2 

185*9 

4650 

38*1 

11:38 to 12:08 

10*6 

28*7 

89*3 

50*2 

10*9 

220*3 

550-9 

36*3 

P. M. 

3:03 to 3:33 

10*3 

28*5 

38*8 

50*2 

11*4 

230*4 

576-1 

36*9 

2:51 to 3:21 

9*4 i 

28*2 

37*6 

50*2 

12*6 

254*9 

636-8 

87*1 

3:43 to 4:12 

9*7 

28*5 

38*2 

50*2 

12*0 

242*5 

606-5 

37*0 

4:30 to 5:00 

9*7 

28*5 

38*2 

50*2 

12*0 

242*5 

606-5 

36*4 

Average, 

10*5 

28-6 

39*1 

50-3 

11*1 

224*3 

561-0 

87*0 

June 25. 


With cinchonidine sulphate. 




A. M. 

9:03 to 9:33 

10*8 

28-6 

39*4 

I 

50*2 

10*8 

218*8 

545-8 

38*6 

9:58 to 10:38 

11*4 

28*9 

40*3 

50*2 

9*9 

200*1 

500-3 

88*6 

10:53 to 11:23 

11*1 

28*7 

39*8 

50*2 

10*4 

210*2 

525-6 

38*6 

11:48 to 12:18 

11*6 

28*7 

40*3 

50*2 

* 9*9 

200*1 

500-3 

38*7 

P Ht 

3:04 to 3:84 . 

11*1 

28*8 

39*9 

50*2 

10*3 

208*2 

520-5 

88*9 

2:59 to 3:29 

11*5 

29*0 

40*5 

50*2 | 

9*7 

196*0 

490*2 

39*0 

3:56 to 4:26 

11*6 

29*0 

1 40*6 

50*2 

9*6 

194*0 

485*2 

39*0 

4:50 to 5:20 

12*1 

29-1 

41*2 

50*2 1 

9*0 

181*9 

454-8 

39*1 

Average, 

11*4 

28-8 

40-2 

50*2 | 

10*0 

201*1 

502-8 

38*8 


Following are the average daily amounts of carbonic acid excreted, 
expressed in milligrams per 37*5 litres of aspirated air, together with 
the average body temperature. 

June 34, 37*0° 0., 561*0 milligrams CO*. 

“ 35, 38*8 503*8 

Following are the doses of cinchonidine : 

June 34, 5:12 P. m., 1*000 gram cinchonidine sulphate. 

« 35, 10:35 a.m., 0*250 « “ « 

“ 25, 12:85 P.M., 0*835 “ “ “ 
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In the second series of experiments, smaller doses of quinine were 
employed, so that no special toxic action was observed. In this case 
there seemed to be a gradual falling off in the amount of carbonic 
acid produced; such a decrease as might bo assumed would naturally 
result from diminished proteid metabolism. 

The results are shown in the accompanying tables. 

The body temperatuie, as determined per rectum did not show any 
change whatever under the influence of this quantity of quinine 
(total dose 1*575 gram of quinine sulphate). There does not appear 
to be any proof that moderate doses of quinine lower the body 
temperature of healthy animals or even man, and Kovner found in 
his experiments that a full dose of quinine given to a healthy man 
would prevent the usual vise of temperature resulting from vigorous 
exercise, but did not aflect the temperature under ordinary circum¬ 
stances. Liebermeister* has also reported that the alkaloid has no 
constant depressing action on the bodily heat in health. 

Two other short series of experiments were tried with quinine, also 
with rabbits in a condition oi hunger. In botli of these cases the 
quinine was introduced by sub-cutaneous injection in the form of 
sulphate. In both cases there was a slight tall in temperature, 
accompanied with a noticeable decrease in the amount of carbonic 
acid eliminated, directly after injection of the quinine. This effect, 
however, was only temporary, for the temperature quickly rose 
to the normal, and even somewhat above the normal point, while 
the carbonic acid in the third series came quite back to the normal 
and in the fourth series remained only a little way below. 

It would appear, therefore, from our experiments, that in a healthy, 
hungry rabbit moderate doses of quinine sulphate exercise at the 
most only a very slight depressing influence on body temperature, 
and have but a minimum effect on the production of carbonic acid. 

Action of cinchonidim sulphate , 

Previous experiments f on man have shown that cinehonidiue has 
the power of lessening materially the elimination of nitrogen, pre¬ 
sumably through its inhibitory action on proteid metabolism. 

Cinehonidiue is supposed to have much the same physiological 
action as quinine and cinchonine, only weaker. Our present experi- 


* Deutscl). Archiv fur Klmische ftfedicra, Band iii. 

f See Chittenden and Whiteliouse, Studios from the Laboratory of Physiological 
Chemistry, voL i. p. 164. 
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ments with the alkaloid, using <|uito large amounts of the sulphate, 
show a somewhat different action from quinine. Using a large rab¬ 
bit, without loud for three days, and giving it by way of the mouth, 
in gelatin capsules, large doses of the alkaloid, there was a very 
noticeable and constant rise in temperature up to the very time of 
death, accompanied by a slight but gradual diminution in the amount 
of carbonic acid given off. In all, 1*575 grains of cinehonidine sul¬ 
phate were given; an amount evacllv equal to the quinine sulphate 
given in the second series of experiments with quinine. With cin- 
chonidinc, however, the rabbit was much prostrated, showed symp¬ 
toms of tetanic convulsions, and ftnally died in a vigorous tetanic 
spasm at the end of the second day. 

The results are shown in the preceding table. 

Action of Antqnjrine. 

Antipyrine or dimothyloxychinicine has of late been much experi¬ 
mented with. Among the many statements which we have seen 
recently concerning its action are the following, which arc of interest 
in this connection. Arduin* found that 3 grams given to a rabbit 
produced cataleptic stiffness, diminished reflexes, etc., followed by 
violent convulsions. There was also a very marked fall of bodily 
temperature. Auscroff,f by experiments on animals, found that the 
alkaloid caused an increase of blood pressure and a decrease of inter¬ 
nal temperature, as shown by a thermometer in the rectum, but a 
considerable rise in the external temperature, sometimes as much as 
T2° 0. Pavlinoffj. has reported that antipyrine produces a very con¬ 
siderable quickening of the respiration, while Dr. Waltei', of St. 
Petersburg,§ is reported as having found that the alkaloid while 
reducing febrile temperature, also reduces nitrogenous tissue changes; 
and further, that the assimilation of proteids is materially favored by 
the drug. F. Mttllcr || has also found that in fever antipyrine dimin¬ 
ishes the excretion of nitrogen. Coppola,If however, states that in the 
case of a dog, 0*3-0*4 gram of antipyrine was wholly without action 
on its excretion of nitrogen. Coppola has further found that the 


* Abstract in Therapoutic Gazette, 3d series, vol i, p. 677. 
f Abstract in Therapeutic Gazette, 3d series, vol. ii, p. 315. 
f Abstract in Therapeutic Gazette, 3d series, vol ii, p. 339. 
^Abstract in Therapeutic Gazette. 3d series, voL ii, p. 53. 

J Jahresbericht fur Thiercliemie, xiv, 242, 

Jahresbericht fur Thiercliemie. xv, 97. 
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First series of Experiments with Antipyrine. 
Normal period, without antipyrine. 


Date. 

Oxalic acid to 
neutralize ba¬ 
ryta solui ion 

o 

a cJ 
lei 

£ O <j 

If «* 

OJ V 

* ws . 

■tiw N 

Diffeience e c. ox¬ 
alic acid. 

w 

13 

« 

60 

a 

i-4 

1 

2 
s. 

May 24 

tube a. 
e. c. 

tubes b 
and c. 
c c. 

Total oxa 
used. 

Oxalic aci 
lent to 
Ba(OH] 

cf 

’« a 
o s 

O 

£ s 

• s 3 

C» 

o u 
o 

i . 

1° 

pq 

V. M. 









8:54 to 9:24 

8-6 

20*4 

35*0 

46-1 

11-1 

224*3 

561-0 

38*4 

9:52 to 10:22 

8*8 

20-5 

35*3 

46-1 

10-8 

318-3 

545*8 

38-4 

10:47 to 11:17 

9*5 

26*4 

35'9 

46-1 

10*2 

205-1 

5*3*0 

38-4 

P. M. 









1:55 to 2:25 

9-1 

26*3 

35*4 

46-1 

10-7 

216-3 

540-8 

38-8 

2:47 to 3:17 

9*5 

26*4 

35-9 

46-1 

10-2 

205-1 

5*3*o 

38-6 

3:40 to 4:10 

9-1 

26*5 

35-6 

46-1 

10-5 

212-2 

530-6 

38-4 

4:35 to 5:05 

8-8 

26*3 

35-1 

46*1 

11*0 

222-3 

555*9 

38-4 

Average, 

9-0 

26-4 

35-4 

46-1 

10-7 

214-8 

S3S7 

38-4 


May 25. With antipyrine . 


8:56'to 9:26 

9-6 

26-4 

36-0 

46*1 

10*1 

204-1 

5*0-4 

38-2 

9:58 to 10:23 

9-6 

26*4 

36-0 

46*1 

10-1 

204-1 

5*0-4 

38-1 

10:49 to 11:19 

7-5 

25*6 

33-1 

46*1 

13*0 

262-7 

657-0 

38-0 

11:47 to 13:17 

8*4 

25*9 

34*3 

i 

46-1 

11-8 

238*5 

596*3 

| 38*1 

P. M. 

2:15 to 2:45 

7*9 

26*0 

i 

33*9 

46-1 

12-2 

246-6 

6 x 6-6 

88*1 

3:15 to 3:45 

8*7 

25*8 

34*5 

46-1 

11*6 

234-5 

586*3 

38*3 

4:15 to 4:45 

8-4 

26*0 

34*4 

40*1 

11*7 

236*5 

59**3 

88*0 

5:09 to 5:39 

7-4 

25-6 

33-0 

46-1 

13-1 

264-8 

662*0 

88*1 

Average, 

8-5 

25-9 

34-4 

46-1 

11*7 

236*5 

591*3 

TsT 


May 26. 


A. M. 

9:02 to 9:82 

11-8 

26*8 

38-1 

46*1 

8-0 

161-7 

404*3 

36-2 

9:59 to 10:29 

9*4 

26-0 

35-4 

46-1 

10*7 

216-3 

540*8 

35-8 
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alkaloid not only has a noticeable antipyretic action in conditions of 
fever, but also reduces the temperature in healthy organisms. The 
extent of reduction, however, is not great, ranging only from 0*1 to 
0*6 of a degree. Further, the diminution in temperature is to he 
ascribed, according to Coppola, not to diminished metabolic activity, 
but to increased giving up ot heat, duo to dilatation of the blood¬ 
vessels by the antipyrine. Jaoubovvitsch * also claims lor antipyrine 
an inhibitory action on the excretion of uric acid. So far as our 
knowledge extends, however, no experiments have been tried as to 
the influence of this therapeutic agent on the production of carbonic 
acid. 

Our experiments have been confined wholly to rabbits, and those 
in a condition of hunger. In the first series of experiments, during 
the antipyrine period, the alkaloid was given in large and oft-repeated 
doses, in the form of powder, in gelatin capsules, at follows: 


May 25, 

8:83 A. M., 

0-2 

1 

1 

i 

& 

“ 25, 

9:35 “ 

0-2 

*< t< 

“ 25, 

10:80 44 

0*2 

44 to 

44 25, 

11:27 44 

0*2 

(t .( 

44 25, 

12:27 P. M., 

0-6 

it Ot 

“ 25, 

2:55 “ 

0*6 

(1 44 

“ 25, 

8:54 “ 

0*6 

a ot 

25, 

4:51 44 

0*6 

tt u 

“ 25, 

5:46 44 

0*6 

(C io 

“ 26, 

8:45 A. M , 

0*6 

(i « 

26, 

9:38 41 

1*0 

4k tt 






The accompanying tables show the results obtained. At the end 
of the last period of the second day (May 20) respiration was very 
rapid, about 208 per minute, and during that period the amount of 
carbonic aoid excreted was larger than in any other. In spite of the 
large dose taken, however, the alkaloid appears to have had no 
special action on the production of carbonic acid, and further, the 
temperature was only very slightly lowered until on the last day, 
just prior to the animal’s death. On the last day of the experiment 
(May 26) the rabbit appeared much prostrated, and at 10.35 a. m. 
was seized with a convulsion, followed soon after by three others, 
dying at 11.30 a. m. 

In the second series of experiments somewhat smaller amounts of 
antipyrine were given, but here, as in the first series, there was no 


* JAhresbericht fur Thiercbemie, xv, p. 444. 
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Second series op Experiments with Antipyjune. 

Normal period , without antipyrine* 


Date. 

May 31. 

Oxalic 
neulial 
13 ta sr 

* 0 

0 

•2 cj 

acid to 
i/e ba* 

►llltlOU 

O'OO 

s: s=J 
^ « 0 

4-* 

Total oxalic acid 
c. c. 

eS . . 

► Oo 

1 “ 

Oi O 

'S «** ~ 

"cS jju pq 
O 

[ Difference c. c ox- 
| alic acid. 

0 

a 

cQ 

Si 

SB 

h 

h4 8 

?.4 

■ s i 

jr 

Si 

2 

T? 

u 

a 

^6 

1 . M. 

9:03 to 9:33 

! 8*5 

35*3 

33*8 

1 

44.3 

10*5 

311*2 

528*1 

38*9 

9:57 to 10:37 

' 8*1 

25*1 

33*3 

41*3 

11*1 

221*3 

561*0 

38*9 

10:59 to 11:29 

9*1 

25-5 

34-6 

44*3 

97 

190*0 

490*2 

38*9 

11:51 to 12:21 

! 9*3 

25*5 

31*8 

41*3 

9*5 

191*0 

477-6 

38*9 

P. M 

1:44 to 2:14 

9-8 

25*7 

35*5 

44*3 

% 

8*8 

170*8 

442‘2 

38*7 

•350 to 4:00 

9*3 

25*5 

34*8 

44*3 

9*5 

192*0 

480*1 

38*9 

4:21 to 4:31 

9-7 

25*7 

35*4 

44*3 

8*9 

179*9 

449-8 

38*8 

Average, 

9-1 

25*5 

34*6 

ITT 

9*7 

195*9 

489-9 

38*8 


June 1. With aniipyrine. 


A. M. 

8:53 to 9:23 

9*9 

25*5 

35*4 

44*8 

8*9 

179*9 

449-8 

38*7 

9:50 to 10:20 

9*4 

25*5 

34*9 

44*3 

9*4 

190*0 

475’ 1 

38*9 

10:48 to 11:13 

10*1 

25*7 

35*8 

44*3 

8*5 

170*8 

427-0 

38 9 

11:40 to 12:10 

9*7 

25 7 

35*4 

44*8 

8*9 

179*9 

449-8 

38*7 

2:15* to 2:45 

9*6 

25*6 

35*2 

44*3 

9*1 

188*9 

459'9 

39*2 

3:12 to 8:42 

9*9 

25*8 

85*7 

44*3 

8*6 ! 

173*8 

434-6 

38*4 

4:11 to 4:41 

9*7 

25*6 

35*3 

44*3 

9*0 

181*9 

454'8 

38*3 

5:05 to 5:85 

8*7 

25*3 

34*0 

41*3 

10*3 

308*2 

520-5 

38*4 

Average, 

9*6 

25*6 

85*2 

1ST 

| 9.08 

188*5 

458'9 

38*7 
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With antipyrine—conti n tied. 

* Unto. 

♦Juno ‘J. 


A< M 

8:50 to 9:26 
9:53 to 10:23 
10:47 to 11:17 
11:43 to 12:13 

P. H. 

2:02 to 2:32 
2:55 to 3:25 
3:54 to 4:24 
4:47 to 5:17 
Average, 


Following are the average daily excretions of carbonic acid, ex¬ 
pressed in milligrams per 37*5 liires of aspirated air, together with 
average daily body temperature: 


May 31 

38*8° C. 

489'9 milligrams CO a . 

June 1 

38*7 

458-9 “ “ 

44 2 

37*7 

508-3 “ “ 

Antipyrine was given 

in the following quantities by mouth, 

gelatin capsules: 

May 81 

4.57 p. m. 

0*2 gram antipyrine. 

June 1 

8:40 a. m. 

0-2 4 * 

" 1 

9:31 “ 

0*2 

44 1 

10:25 “ 

0-2 

14 1 

11:20 “ 

0*2 

44 1 

12:17 p. m. 

2:52 “ 

0*2 

44 1 

0*2 

“ 1 

3:49 “ 

0*2 

“ 1 

4:48 " 

0*2 

“ 1 

3:40 44 

0-2 

44 2 

8:45 a. m. 

0*5 

“ 2 

9:34 “ 

0*5 

“ 2 

10:31 “ 

0*5 

“ 9 

11:24 44 

0*5 

“ 2 

4:45 p. m. 

0*2 44 

Trans* Conn. Acad., Vol. 

VIX. 50 

4*2 

March, 1887. 
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discernible action on the excretion of carbonic acid. Further, the 
alkaloid did not noticeably lower the body tcmperatuie until toward 
the close of the second day, when the quantity givtn had 1 cached an 
amount nonily sufficient to produce a lata) losult. We ha\o tlun to 
conclude that antipvrino, at least in therapeutic doses, lus no special 
influence on the pioduction or elimination of eaibonie aci<l by the 
rabbit. 



XXIV. — NlCW ENGLAND S|»II)KKh OF THIS FuilLY (hNIFU>Nm.K. 
By J. II. Kmkaton. 


The spinning organs of the Uiniflonidie differ from those of all 
other spiders. They have in front of the usual spinnerets an ad¬ 
ditional spinning organ, the eribeUim^ with spinning tubes like the 
other spinnerets, but much liner, and they have on the metatarsus of 
each hind leg a row of still 1 hairs, the eahmmtntm y by which the 
thread is combed from the cribellum in a loose curly baud. This 
baud ot loose thread forms part of every cobweb made by these 
spiders (PL x, fig. 1//.) and is easily distinguished in new webs by its 
width and white color and in old webs by the amount of dust which 
it collects. 

The feet have three claws and some species have a few curved 
and toothed spines under the claws, like Epeiruh® and TherUMtkv. 
The tracheae are large and open in a wide slit in front of the 
cribellum. 

The colors are generally dull brown and grey. A double row of 
oblique light markings on the back of the abdomen, which shows 
most distinctly in Amaurobius , is in a modified from the usual mark¬ 
ing of the abdomen throughout the family, often varying greatly in 
shape in the same species. 

These spiders were first placed together in one family by Black 
wall, who in 1839 noticed their peculiar webs and spinning organs. 
Before that time they had been scattered among various families 
according to their size, form, and habits. They have been treated in 
the same way by Thorell in his book on the genera of European 
spiders, and by Mcnge in the spiders of Prussia. Simon divides the 
French species into two families, ZHctynklw and ITloborklve. Bert- 
kau in his latest revision of the family, in 1882, carries the division 
into families still further and unites them all into a sub-order, 
(Jribellata. 

I have followed Blackwall in considering the group as one family, 
and use his name Oiniflonidce, The sub-family Vlohorim® of Thorell 

J. Blackwall. Ou the number and structure of the mammtila? employed hy spiders 
in the process of spinning. Trans. Linn. Soc. London, voh xviii, 1839. * 

P. Berfckau. Cribellum and Calamistrum. Archiv fur Naturgoachichte, 1882. 

July, 1888. 
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I use in the same sense, transferring it from the Epeirida to this 
family. 

Several of the spiders described by IletiU under tlu* name of 
They Idi on arc probably Dietyna. Of these, T. stdrfafwu, morohyum, 
and foliaceum belong to this genus without much doubt, though 1 
cannot identify them with any species here described. 

Blackwall mentions among spiders from Canada, Jilryaf 1* (I)ictytut) 
dlliyens , var. annulipes, Ann. and Mag. of Nat. llist., 1H/JL 

B. G. Wilder describes the webs and habits of llypt totes racatus 
under the name B. Americiums, in Popular Science Monthly, 1875. 

E. Keyserling has described in Transactions of the Zool. Botan. 
Gesellsehaft of Vienna, 1881 to 1884, the following species: Dietyna 
sedentaria , Baltimore, Coll, of L. Koch. J). col tip is. Museum, Cam¬ 
bridge, Mass. D. nolueripes , Museum, Cambridge, Mass. D. foil - 
ata, Colorado, Vienna Museum. 7/ vittuta, , Washington, I). C., War¬ 
saw Museum. D. amndimiceoides, Canon City, Colorado, (loll, of 
G. Marx. 


Diotyna Sundovuil. 

The genus Dirtyna is composed of small spiders that live in loose 
webs of various shapes on fences and on plants, especially on the 
ends of stalks and among the ilowerh of Solidayo , Spirant, and 
other slender plants with clusters of small flowers. 

The head is generally high, hut not so wide as in Amatirobiits- 
The scernum is very witto and convex and the labium large, often 
nearly as long as the mandibles. The trachea* are large and the 
opening generally distinct. The difference between the sexes in 
most species is very great. The male palpi are very largo and the 
palpal organs conspicuous. The tibial joint of the male palpi has on 
the outer side a process with two short spines. The mandibles of 
the males are bowed outward (Plate ix, fig. 2d) and are much longer 
than those of the female. They are bent forward at the tips, ami at 
the base of each mandible is a short tooth projecting forward. 
Plate tx, fig. 2 b. 

The colors are usually dull yellow and brown covered with white 
or gray hairs. The cephalothorax is usually lighter in front and 
dark at the side, and the abdomen has a double row of light mark¬ 
ings in the middle on a dark ground, but these markings are ex¬ 
tremely variable even in the same species. PL ix. 

The webs of Diotyna usually radiate irregularly from a hole or 
hiding place where the spider hangs. Some species, living on walls, 
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make a round patch of web with the hole near the center, but usually 
the shape of the web depends on that of the plant on which it is 
made. The principal threads of the web, if they are parallel or 
radiating slightly, are often crossed by a number of parallel short 
threads, like a segment of a web of JijMtrit (PL xi, lig. 3) and the 
curled band is carried back and forth on these as in the figure of 
the web of Amaui'obius. PL x, 1//. 

Dictyna muraria, new sp. 

Pli. 2X, FKiURES I TO I {/. 

Length about U mm . The cephalothorax is dark brown, a little 
lighter on the top of the head with a few gray hairs in longitudinal 
rows. The abdomen resembles that of I), volucrijtes Keys, hut the 
middle dark markings are wider in front and more broken behind. 
In the middle of the front half is a wide dark patch, extending about 
to the middle of the abdomen, liohiud this are two rows of dark 
spots connected by transverse lines, more or less complete, forming 
an Kpeira-liko marking. PL ix, tigH. 1 to lc. 

The markings of this species and of nolucrfj*es vary greatly, so 
that they often cannot he distinguished by them. The metatarsus 
of the hind legs is nearly straight, not so much curved as hi uolu- 
crimes. 

The males are darker, but usually have the same markings. Their 
abdomen is smaller than that of the females, but the cophalothorax 
is fully as large. The male palpi resemble those of volumjm Keys. 
The tibia is similar in shape, but is proportionally longer, and the 
two-spined process shorter than in nolucripes. PL ix, 1 1 g. 

This spider is found all over New England. It is the most com¬ 
mon species on fences, but is found also on plants, and, in winter, 
uuder leaves, it sometimes tries to fly, oftoner in the spring than in 
the fall, which is the usual flying time of most spiders. I have speci¬ 
mens lrotn Mt. Washington, N. II.; Portland, We.; Salem, Mass.; 
Albany, N. Y.; New Haven, Conn.; Wood’s IIoll, Mass.; and several 
places around Poston. 

A female in the Museum of Zoology, Cambridge, Mass., named by 
Keyserling, J\ anmdinaceoklcs Keys., is perhaps this species. It 
has the abdomen very much distended, so that the epigynum shows 
much plainer than usual. The spider first described by Keyserling 
as 2?. arundhiaoeoides came from Colorado, and I have not seen it 
and do not feel sure enough of its identity to adopt the name for this 
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Diotyna volucripes Kiwswlinfi, Zool Botau Uesullselialt, Viomn, 1 bS2 
Pi IX, nouRUS 2 io 2 / vnd Pl XI, iiuuul .1 

Female, 3’5 imu long or longer. The male is nearly as large, Imt 
the cephalothorax is larger and the abdomen smaller. 

The cephalothorax is dark reddish brown, and partly covered with 
white or gray hairs, most of them arranged in several lines from the 
dorsal groove to the eyes. 

The abdomen has an irregular dark figure in the middle, narrow in 
front and widening backward. On each side of this is a light gray 
area, which becomes yellow in alcohol, and below these the sides 
and under surface of the abdomen are dark brown with some light 
markings. The abdomen is covered with gray hairs which modify 
the color. The legs are brown, usually lighter than the thorax, and 
covered with gray hairs. 

The male is a little‘darker than the female. The male palpi are 
short, and large at the end. The patella is as wide as long. The 
tibia is a little longer than the patella and widened on the outer side 
at the distal end, so as to be as wide there as long. The two-spined 
process is as long as the tibia is wide, and is on the upper side of the 
tibia The tarsus and palpal organ are large. 'PI. ix, figs, sic, 2/. 
The two spined process varies in form. It is usually curved forward, 
but in some specimens is nearly straight 

This species lives most commonly in thick and irregular webs on 
the ends of plants. The dried tops of Spirox* and holidayo are 
favorite places for it. It also lives occasionally on fences. All over 
New England. 

Dictyna longispina, new ep 

PL. IX, HGUKK t. 

This species resembles oolucrip^ but is a little smaller. The 
markings of the abdomen are similar, but the cephalothorax and legs 
are lighter and redder. 

The plainest difference of this species from the others is in the 
shape of the tibia of the male palpus. This is very long, as loug 
as the femur, and stouter. The two-spined process is as long as 
the tibia, and extends backward nearly parallel to it. PI. rx, fig. 4. 
The palpal organ extends farther backward than usual. The end of 
the tube and the accompanying process extending in a spiral nearly 
to tlie base of the tibia. 

A young female, similarly marked and colored, accompanies the 
male and is probably the same species. 

Meriden, Conn., one male and one female. 
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Dictyna bostoniensis, new sp 

Pi. fX, rn,tutus ,'i to 'S<{ 

This is a rather largo species, measuring l' m " or more in length, 
but the eephalo thorn ¥ is small ami the abdomen much larger 1 lum 
in most species. The logs are whitish. The ccphnlothornx of the 
female is the same color in the middle, but darker and streaked 
with radiating brown linos on the sides. The abdomen is white 
with gray or hlaek markings. PI. rx, figs. 3/>, .V, 3<7. In the mid¬ 
dle of the front half of the abdomen is an irregular dark stripe 
extending over the first and second segments. Behind this are two 
rows of irregular spots, about one-third the width of the abdomen 
apart. The sides are marked by a few dark spots in broken ob¬ 
lique lines. The Sternum mid under side of the abdomen are white, 
with a few irregular dark spots. The spider resembles a piece of 
bird dung. 

The ccphalothorax of the male is larger and darker colored. 
The male palpi are short and slender. The tibia is short and as 
wide at the distal end as it is long. The two-spined process is short 
a*nd on the outer side. The tarsus and palpal organ are small. 
PL ix, fig. 3 a. 

In 18^3, this spider lived in great numbers on the iron fence 
around the public garden in Boston, making webs in corners, with 
an open tube in which the spider stood. Single specimens were 
found in Beverly and Brookline. In 1880, it was rare on the pub¬ 
lic garden, but common on the fences of the Back Bay park on 
Beacon street. I have not found it in other parts of New England. 

Dictyna minuta, now sp. 

Pt„ IX, fjgttiueS 6, 5 a. 

About Z mm long. The markings are like those of D. muraria , 
but the colors are lighter and redder than in that species, and the 
only two specimens are much smaller. 

The legs aro very light brownish yellow, darker toward the 
base. The sternum and labium are reddish brown, and both are 
large and wide in proportion to the size of the spider. 

The tibia of the male palpus is about twice as long as the pa¬ 
tella, and nearly straight. The two-spined process is short and 
turned slightly forward. The spines are large and black. The 
point of the palpal organ is long and slender and twisted loosely. 
In both specimens it reaches backward half the length of the tibia. 
PL ix, figs. 5, 6a. 

Two specimens only, from flamdon, Conn., and Providence, R. I, 
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Dictyna rubra, new sp 

Pl IX, figure 7. 

Female 2‘5 m,n long. The color is more re<l than in the other 
species. The cephalothorax and legs arc light orange-brown. The 
abdomen is darker reddish brown, with several yellow cross linen on 
the hinder half, and in some individuals a yellow patch on the front 
half. The sternum, maxilla), and mandibles are light, like the legs. 

The male palpi are moderately large. The tibia is a little* longer 
than wide, and as thick at the base as at the tip. The two-spined 
process is on the upper side of the tibia, close to the base. It is as 
long as the tibia is thick. The tarsus is small PI. ix, fig. 7. 

The abdomen is more pointed behind than in most species. 

It lives on plants, but I do not know its web. Common in eastern 
Massachusetts and around "New Haven, Conn. 

Dictyna cruciata, now sp. 

Pl TX, figures (>, (to. 

This is the lightest colored species. The cephalothorax of the 
female is yellowish white in the middle and light brown at the sides. 
In the male the whble cephalothorax is dull yellow. 

The abdomen is white in the middle, the color spreading down the 
middle of each side, forming in many individuals a cross-shaped 
marking (PI ix, fig. 6). The sides are light brown. The logs are 
yellowish white. 

The male palpi are large and the palpal organs wide. The tibia is 
short, not much longer than wide, and the two spines arc short and 
on a low process of the tibia. PI. rx, fig. Gtf. 

Eastern Mass.; New Haven, Conn. 

Dictyna volupis Koyserling, Zool. Botan. Oosoll, Vienna, 1H82. 

Pl. IX, nonius 8 to Sr, 

This is one of our most common spiders throughout the summer. 
It lives under leaves and between the twigs of trees and shrubs of 
all kinds, making small and thin webs. 

The female is about long. The legs and front part of the 
cephalothorax arc yellowish white. The sides of the cephalothorax 
are brown. The abdomen has usually an irregular light yellow 
marking in the middle and is light brown or reddish at the sides* 
Pl. ix, fig. 8. Some individuals are without the yellowish marking 
on the back and have the abdomen bx*ownish all over, covered with 
whitish hairs. The reddish markings all become redder in alcohol. 
The sternum and under side of the abdomen are light yellow* 
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The colors of the male are very different. The whole ccphulo* 
1 borax is orange-brown, not much darker at the sides. The abdomen 
is reddish brown, darker than in the female, with only a little yellow 
in the middle, and sc$netimes none. The legs aio darker yellow 
than in the female. 

The males and females are about the same size, but differ in form 
as much as they do in color. The front of the head is low in both 
seves, and rises backward to its highest point midway between 
the eyes and the dorsal groove. In the males the mandibles are so 
long that the distance from the top of the bead to the end of the 
mandibles is as great as the length of the cephalot borax. The male 
mandibles are concave in front and bowed widely apart in the mid¬ 
dle. Even the females have the mandibles a little concave in liout. 

The male palpi are long and large. The tibia is twice as long as 
wide; thickened at the end, and curved downward. The two-spined 
process is short and a little in front of the base of the tibia. IT 
rx, fig. 8c. 

The palpal organ is unusually large, and the long tube can be seen 
passing around it under the edges of a large thin appendage. PI. ix, 
fig. 8a, 8b, 

The webs are spread under leaves or between twigs. 

I have twice seen the pairing of this species. In one case the 
female stood across a forked twig and the male reached up from 
below, his head being under hers and bis mandibles parallel to her 
sternum. In the other the male and lemale stood head to head 
in the web, the ccplialothorax of the female being tipped up in front, 
and resting upon the head and mandibles of the male. 

Common all over New England. In winter they are often found 
under leaves, half grown, and soon get to their growth when warm 
weather begins. Several small, flat egg-cocoons are fastened under 
» leaf and there may be several broods in each season. 

Dictyna frondea, new sp. 

Pl. IX, nauRBS 9, da 

This species is a little smaller than volupis and is similarly col¬ 
ored in the female, except that it is usually a little darker and less 
' red. The cephalothorax is light brown, a little lighter in the middle 
of the head, but not so much so as volupis. The abdomen is 
brown at the sides and yellow in the middle. The yellow stripe is 
narrower and straighter than in volupis , and often forms a regular 
herringbone figure. PL ix, fig. 9. The under side of the abdomen 

Teams. Comm. A.om, Yol. TO. 5*r July, 1888, 
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is nearly as dark as ike upper bide, and the sternum 1ms the same 
color while volupls is usually light colored beneath. 

The males differ less iioni the females than m oolupm. They are 
colored a little darker than the iemales. Tlioilight stripe on the ab¬ 
domen is narrower and iu some individuals wanting. The male palpi 
arc long and slender. The tibia is more than twice as long as wide. 
The two spilled process is very small and close to the base of the 
tibia. The tarsus is smaller than in volttpis, and the palpal organ 
very much smaller and more simple, PI. ix, tig. lh/. 

On grass and low bushes all over New England. 

This species (or I). volupis) is piobably Hertzs Thar kit on 
foliaceum . 

Amaurobius 0. Koch 

The genus Amaurobim contains our largest spiders of this family. 
In general appearance they lesomble the stouter species ol the genus 
Te<jenaria> hut do not have the long upper spinnerets of that genus. 
The head is large and high, and wide in fiont. The eyes aie in two 
rows, only slightly cui ved, and are all small ami of nearly the same 
size. 

The maxillae are long, and at the tip curve inward a little over the 
labium. The labium is longer than wide and a little narrowed at the 
tip. The mandibles are very large and strong. 

The whole body is thickly covered with tine, shoit lmir, giving it 
a soft vel\ et-like appearance. The spines on the legs are small and 
concealed by the hair. 

The calamistnun consists of two rows ot hairs, those of the outer 
row being much curved and close together, and those of the inner 
row three or four times as far apart. PI, x, fig. If. The cribellutn 
is long and narrow and di\ ided in the middle. PL x, fig, le. 

The colors of all our species arc much alike. The cephalot borax 
and legs are dark brown, except in freshly moulted or young speci¬ 
mens, and the abdomen is dark gray with a double row of oblique 
light markings. 

The webs are large and loose, often tilling a cavity in a rotton log 
or under stones. There appears to bo little regularity in the shape 
of the web or arrangement of the threads. The whole web, is made 
of smooth silk aud the band of curled threads is afterwards attached 
to parts of it as in PL x, fig, 1^. 

The sexes arc about equal iu size. The male palpi are large. 
Their tibial joints are short and wide and furnished with large pro¬ 
cesses of various shapes. 
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Amaurobius sylvestris, now «i>. 

Plj. X, FIGURES 1 TO t//- 

This is the common A a at a rot) tan all over New England. The 
female is 10 mm long with the cephalothorax 5 ,,,m long. The head is 
nearly as wide as the thorax. It is low in front and rises to its high¬ 
est point half way to the dorsal groove. The cephalothorax is dark 
brown, darkest on the front of the head. The legs are dark brown, 
usually lighter than the thorax. In the young the colors are all 
much paler. 

The abdomen is oval, widest behind. Tt is dark greenish gray 
with a double row of oblique yellow or white markings on the hinder 
half, and two curved markings of the same eoloy on the front. These 
markings run together, forming a figure which varies greatly in form 
and size in different individuals. PI. x, tig. 1. 

The males differ but little from the females. The male palpi are 
large. The tibia is short and wide and has three long processes, the 
inner of which is slender and pointed and nearly twice as long as the 
tibia (PI. x, tigs, los, 1/;.) but not so much curved as in figures of 
the European ,1. claustrarl as. 

The epigynum is small, the middle lobe is small and the side lobeR 
meet behind so as to completely surround it (PI. x, fig. le) which is 
very different from the epigynum of A . riaustrarius as figured by 
Kooh. 

This species %es under stones, under loaves, and in the hollows 
of rotton trees and stumps. Fig. iff is part of a web, showing the 
arrangement of the curled threads. 

All over New England. In the White Mountains up to the high¬ 
est trees. 

Three specimens of this species in the museum of Comp. Zoology, 
Cambridge, are named by Kcyserling A. cl<imtrari'u$> which this 
species closely resembles. I have only young daustmrlas for com¬ 
parison, but judging by descriptions and figures, especially those of 
L. Koch in Ahh. Nat. GeRellseh. of Nuremburg, 1808,1 do not be¬ 
lieve them the same species. 

Amaurobius ferox (Wolek.) Koch., Ofntflo fprox BIk. 

Pl. X, FrnuRES 3 to 3c. 

This is onr largest species. It is found only about houses and cel¬ 
lars, and is probably imported, as it is a common spider in Europe. 

The female is 12 mra long. Cephalothorax 8 mm long, 4^*” wide. 
The head is 3 mm wide and highest half way between the eyes and the 
dorsal groove. 



452 


J. TL Ehn&rton—New England fipidere of 


The ccphalothorax is yellowish brown, darkest in front and nearly 
black around the eyes. The legs are the same color as the thorax, 
darkest toward the tips. The abdomen is dark gray with light yol 
lowish marks on the back. On the front half of the abdomen are a 
middle and two lateral stripes and behind these four or five pairs of 
oblique markings. 

The eyes are all small and about equal in size. The front row is 
about half the width of the head and the eyes equidistant. The 
upper row is longer and the lateral eyes considerably farther from 
the middle ones than these are from each other. The mandibles are 
large and strong. 

The calamistrum is a double row of spines, half the length of the 
hind metatarsus. 

The male differs but little from the female, except that the ab¬ 
domen is a little smaller and the front legs longer. The male palpi 
are very large. The tibia is as short as wide. It is bent inward, 
and has a large spine on the outer and another on the upper side, 
each nearly as long as the tibia. On the inner side is a third smaller 
spine. Pl. x, figs. 3a, 3 b 9 3c. The tarsus and palpal organ are large 
and round. Fig. Za. The epigynum is large and dark colored. 
The middle lobe is large and enclosed by the others only at the 
sides. Pl. x, fig. 3. 

Boston, Salem, Beverly, Mass.; Providence, R. L; Albany, N. Y.; 
New Ilaven, Conn., in cellars and houses. 

Amaturobius tibialis, new sp. 

Pl. X, FIGURES S TO 3c. 

Female 8 mm long. 

Tho cephalothorax is light brownish yellow, not darker in front. 
The legs are of tho same color and not much darker at the tips. 

The light markings on the abdomen are united into a middle band 
with oblique branches at the sides on the hinder half. 

The middle lobe of the epigynum is entirely concealed, the lateral 
lobes divided by a groove in the middle. PL x, fig. 2. 

The middle process on the tibia of the male palpus is short, but 
the other processes are much larger than in the other species. Tho 
outer one is about as long as the tibia is wide, and has a large hook 
on the inner side. The inner pi’oeess is long and slender, curving 
over the back of the tarsus and extending nearly to the end of it. 
PL x, figs. 2a, 2 b. 

This species is found on Mt. Washington, N IL, up to the highest 
trees. 
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Titanceca Thoruii. 

Titanoeoa americana, new sp. 

Pl. X, nmiiiRS 4 to Id. 

This spider resembles T. quadrhjnttata of Europe, but is usually 
without markings on the abdomen. The female is 5 or l> mm long, re¬ 
sembling in size and shape the common Stoat oda borealis, from which, 
however, it is readily distinguished by its black color. 

The cephalothorax is dull orange-color, blackish around the edges 
and toward the front. The rest of the body is deep black and cov¬ 
ered with long hair, except in some individuals a few light gray spots 
in pairs on the abdomen. 

The sternum is as wide between the second legs as it is long. The 
labium is as wide as long, a little narrowed and rounded at the tip. 
The maxilla 1 are nearly straight on the inner edges not curved in¬ 
ward at the tips, as in Ammirobius. The head is not so wide as in 
Amaurobius. The eyes have nearly the same arrangement, but are 
proportionally larger. PL x, fig. 1. The spinnerets arc short. 

The cribellum is divided in the middle as in Amaarobias, and the 
calamislrum is like that genus. 

The claws of the feet are large and strong, proportionally larger 
than those of Ammtrobiw. 

Like most of the genus, this lives under stones in the driest and 
hottest places. Under the looso stones under the trap hills around 
New Ilavcn and Meriden, Conn, it is common. I have a few from 
Mt. Monadnock, N. IT., but have not found it clsowherc in New 
England. 

Titanceca brunnea, new sp. 

Pi* X, Fwrniws r> to nr. 

This speeies is about as large as T. americann, but is a little more 1 
slender and less hairy. The eephalolhorax is light or dark brown, 
like dead oak leaves among which it lives. The joints of the legs 
are darker toward the distal ends. The abdomen is similarly colored, 
but becomes redder than the rest of the body in alcohol. Across the 
back are four or five lines of light yellowish spots, and there are 
larger irregular spots along the sides, as in many species of Dictym. 
PL x, figs. 5, 5a. Under the abdomen between the spinnerets and 
cpigynum are two large light spots. Fig. 5a. 

Besides the color, the only plain difference between this and the 
black species is in the palpi of the female, which in this species have 
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the Inst two joints a little stouter than in T. americana. Tn both 
species the palpi are very spiny at the end, though the spines are 
concealed by hairs. I have found this species three times under 
leaves in woods near New Haven, Conn. 

Uloborinae Tiioroii. 

These spiders have been classed by most authors among the 
j Epeiridw on account of their resemblance to Tetragnatha, and espe¬ 
cially on account of their round, or at least radiate, webs. The 
arrangement of the eyes, the mouth parts, and the trachea* an* nil 
different from the Epeiridw. The spinning organs include the cri- 
bellum and calamistrum, like the other CliniJionidiP , and the cross¬ 
threads of the webs are partly made of curly threads spun by the 
calamistrum and not covered with a liquid in drops like the wolm of 
*Epe,iridm. 

The adhesive thread of these spiders is not made separately and 
attached to old threads as it is by Amcmrobhts and Dirtynct, but 
both threads are spun at the same time. PI. xi, figs. 2£, ty' show 
both sides of a piece of the cross-threads of the web of JJyptiofes . 

Uloborus Latreille. Yeleda, BlackwnlL PluTlyra , Hentz. 
Uloboras plumipes Lucas - PhiUyra rtyaira, ffentz. 

Pli. XT, FIGUKES 1 TO 1J» 

The female is about 5 ram long. Cephalothoiax The cephalo¬ 

thorax is flat in front, and extends forward in the middle beyond the 
mandibles. Behind it is wide and swelled up on each side, where 
the abdomen hangs over it. PI. xi, fig. 1 b. 

The abdomen is narrow and slightly notched in front and extends 
over the cephalothorax a quarter of its length. The abdomen is 
widest and highest a third of its length from the front, and at this 
point has a pair of humps. 

The colors are very variable, A dark, plainly marked loninlo has 
the femur and patella of the front legs dark brown or nearly black, 
and the tibia dark brown, except a white ring at the base; at the 
end of the tibia is a brush of coarse, dark brown hairs The tarsus 
and metatarsus are white. In lighter individuals the color of tho 
femur or tibia may be broken by a white ring near the middle. Tho 
other legs have feinur, tibia and metatarsus dark brown, divided 
near the middle by a white ring. Patella and tarsus brown, lighter 
at the ends. The cephalothorax is dark brown with a narrow, iudis- 
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tinet light line iu the middle. Iu lighter individuals this stripe is 
wider. 

The dorsal markings of the abdomen are more variable and less 
definite. On the front of the abdomen are two light spots, behind 
which are two very dark ones, sometimes united into one. Behind 
these are two white spots half as far apart as the humps and a little 
in front of them. The humps are generally dark on the inner side 
and light ou the outer. Farther backward are two or three pairs of 
light spots, surrounded by a darker brown area, darkest in the mid¬ 
dle and toward the spinnerets. 

The sternum is brown, and the under side of the abdomen is dark 
in the middle and light at the sides. In lighter individuals most of 
these markings cau be seen, the darker ones being light brown or 
yellow, and the lighter ones yellow or dirty white. In some no 
markings can be defined. 

The first pair of legs is twice as long as the second, and much 
longer than the fourth pair. 

The terminal joint of the palpus is more than twice as long as the 
one before it. The palpal claw is large, with two or three teeth. 
PI. xi, fig. 15. 

The eyes are in two rows. The upper are largest and appear still 
larger on account of being surrounded by dark rings. PL xi, figs. 
la, 15. They are on the top of the head, the lateral pair farthest 
back. The front row of eyes is close to the edge of the head, just 
over the mandibles. 

The mandibles are small and rounded forward at the base. The 
maxilla* arc as wide as long, with the front ends nearly square. The 
labium is triangular. (See figure of same parts in Hyptiotea, PL xx, 
fig. 2A.) 

The male is much smaller than the female. The cephalothorax is 
more pointed in front and lower behind. The abdomen is not much 
larger than the cephalothorax and not so plainly humped as in the 
female. The logs are but little shorter than those of the female and 
the markings and colors are the same. The first tibia does not have 
a bunch of hairs at the end like the female. The palpal organ is 
nearly spherical, all the parts being wound closely together. PL xi, 
figs, Idy lc. The femur of the male palpus has, at the base, a short 
process on the outer side. PL xr, fig. If. 

The webs are round and nearly horizontal, the cross-threads usually 
less regular than in webs of Bpeira. The webs are commonly made 
between loose stones, but sometimes in low bushes. The cocoons are 
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half an inch long and quarter as wide, narrowed at both ends, and 
with numerous short points by which they are attached to the web 
around them. I have found them with the female under stones. 
The cocoons are light brown, aud each female appears to make sev¬ 
eral of them. The cocoons are made in July. 

This spider is found all over New England, but is not common 
anywhere. 1 have taken them from several places around .Boston, 
Mass., in New Haven, Conn., and in Simsbury, Couu. 

I have specimens of both sexes from the southern part of France, 
given me by Mr. E. Simon. It is found in Italy aud Spain. The 
common Ulohorus of the north of Europe ( U. mlekentorius) is a very 
different species. 

Hyptiotes \Vlk. = Mithras, Kocli. 

Hyptiotes cavatus. 

PL. XI, FIGURES 2 TO 2 k. 

This peculiar spider is without much doubt the one described and 
figured by TIentz under the name of Oyllopodia cuvata, although he 
saw but six eyes and four spinnerets, and otherwise described it in¬ 
correctly. 4 * 

Its habits have been well described by B. G. Wilder in the Popu¬ 
lar Science Monthly, 1875, where he calls it Hyptiotes ameriemm . 

This spider resembles a shortened Oloborus. The adult female is 
about 4 ram long, and is colored like the end of one of the dead pine 
branches among which it usually lives. 

The eephalothorax is as broad as long, highest in the middle just 
behind the eyes, and hollowed behind under the front of the abdo¬ 
men. 

The abdomen is oval, a little flattened in front. On the back are 
four pairs of low humps, the second largest, on each of which arc a 
few stiff hairs. 

The* arrangement of the eyes resembles that in (Tlobonts, but the 
eyes arc farther apart and farther back on the thorax. 3*1. xi, figs. 
2, 2a. 

The legs are short and thickest in the middle, tapering distinctly 
from the patella to the claws. The hind metatarsus bearing the 
calamistrum is curved inward on the outer side. The claws have 
three or four teeth and under the claws arc a few curved spines, 
some of which are toothed as in Epeira. PI. xi, fig. 2e, /, </, The 
palpal claw has four or five teeth. 

The mandibles are very small and slightly arched forward near the 
base. 
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The maxilla) and libium are like those of Ulobnrt/s ,. (PI, xi, fif. 2A) 
The spinnerets are long. The cribellum is small and not divided 
in the middle. 

The male is about half as large as the female. The abdomen is 
much smaller and the humps lower. The*palpal organ is very largo. 
The tube is long and slender and extends one and a half times around 
the organ, supported by the edge of a thin appendage. At the tip 
it lies against two small flexible processes and over them is a large 
dark horn. The whole apparatus is so large as to cover the patella 
as well as the tarsus. PI. xi, figs. 2c, Ml 
The epigynum is simple externally, hut the inner tubes correspond 
in length to those of the palpal organs. 

The colors of both sexes are various shades of brown, covered 
with white or gray hairs. The markings on the cephalothorax and 
logs arc usually indistinct. The eyes are surrounded by black rings. 
The humps on the abdomen are usually darker than the rest of the 
back. Dark markings follow the dorsal vessel and two or throe pairs 
of its branches. Other individuals have the front, and some the 
whole back of the abdomen very dark brown. 

The web consists of four rays crossed by a dozen or more threads. 
The point where the rays meet is attached to a thread which extends 
to the spider’s roost, usually the end of a twig. Here it holds by 
the hind feet and draws the thread tight with the fore feet. When 
an .insect strikes tine web the spider lets go with the hind feet, the 
elasticity of the web draws the thread out with a snap, and slides 
the spider along it toward the web. When it reaches the center it 
feels the rays to find where the insect is, runs out on the nearest one, 
covers the prey with silk, and carries it out of the web. 

The making of this web is fully described by Wilder. Having 
finished the rays, the spider begins with the cross threads farthest 
from the center, walking along the upper ray until it is near enough 
the next to step across, then it crosses and walks outward again on 
the second ray. The new cross thread is elastic enough to shorten to 
the proper length when she reaches tho point to attach it, When 
the cross thread is finished to tho fourth ray, the spider walks back to 
the center and out on the upper ray to the point for beginning 
another. 

This spider is common all over New England and the Middle 
States. X have seen cocoons near their webs, like that described by 
Wilder, but have never traced it to them or any other spider. 
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EXPLANATION OF PLATES. 

Plate IX Dictyna. 

Pigs. 1, la, 15, 1 c, Id, le, Dorsal markings of different individuals of Dictyna 
muraria. 

Pigs. 1/, 1 g, Palpi of male D. muraria. 

Pig. 2, D. volucripes, sternum and mouth parts; 2a, side of female; 25, side of 
male; 2c, front of head and mandible of female; 2d, front of head and man¬ 
dible of male; 2e, 2/, palpal organ and male tibia of different individuals. 

Pig. S, 3a, palpus of male D. bostoniensis ; 35, 3c, 3d, dorsal markings of D. 
bostoniensis. 

Pig. 4, Tibia of male palpus of D. longispina. 

Pig. 6, 5a, Male palpus of V. minuta. 

Pig. 6, Common dorsal marking of D. cruciata; 6 a, male palpus of D. cruciata. 

Fig. 7, Palpus of male D. rubra. 

Pig. 8, Dorsal markings of D. volupis; 8a, 85, male palpus of D. volupis; 8c, tibia 
of male palpus seen from below. 

Pig. 9, Dorsal markings of abdomen of D. frondea; 9a, palpus of male of D. frondea. 

Plate X. Amawrdbius. 

Pig. 1 , Amawrdbius sylvestris, x 4; la, tibia and patella of right palpus of male; 
15, tarsus and palpal organ; lc, epigynum; Id, foot; le, cribellum; 1/, 
calamistrum; Ip, part of web showing the arrangement of the curled threads. 

Pig. 2, Amaurobiu8 UUalis , epigynum; 2a, upper side of right palpus of male; 
25, outer side of the same. 

Pig. 3, Amaurdbius ferox, epigynum; 3a, palpal organ of male; 35, tibia of male 
palpus, upper side; 3c, the same, outer side. 

Pig. 4, Head of Titanceca americana; 4a, 45, palpus of male; 4c, palpus of female; 
4d, cribellum. 

Pig. 5, Dorsal markings of Titanceca brurnea; 5a, under side of abdomen of the 
same; 55, sternum, maxillse and labium; 5c, palpus of female. 

Plate XI. 

Pig. 1, Uldborus phmipes, side of female; la, top of eephalothorax anil eyes; 
15, side of eephalothorax and mouth parts; lc, male; Id, le, palpus of male. 

Fig. 2, Eypitoies cavatus, x 8, female; 2a, the same, male; 25, calamistrum; 
2 c, palpus of male; 2d, palpal organ from below; the plaoe of the large termi¬ 
nal process is shown by a dotted line; 2e, f, g, first and second feet; 25, 
labium and maxillse; 2z, 2 j, thread of web of ffyptiotus cavatus, showing 
opposite sides; 2 k, Diagram of web. 

Fig. 3, Web of Dictyna voheripes. 
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